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FOREWORD 


Ground water plays an important role in Sonoma county. As the population of 
this North Bay co nty has increased over the last 30 years, the use of 
ground water has ·ncreased. Over 15,000 wells are known to exist in the 
county. These wells are used for domestic and agricultural purposes in 
rural areas and f r municipal and industrial purposes in urban areas. 

The Sonoma County Water Agency requested the California Department of Water 
Resources (DWR) t undertake a cooperative study to estimate the volume of 
ground water in s orage and the recharge potential in the Santa Rosa Plain, 
Petaluma Valley, onoma Valley, and Alexander Valley and Healdsburg area. 
The study examine alternative ways the ground water resources of the county 
may be used ctively with the Russian River and other surface water 
sources. 

The present study was designed to augment an earlier countywide investiga­
tion of geology a d hydrology conducted jointly by the Sonoma County 
Planning Departme t and DWR. Results of the earlier investigation were 
published as DWR ulletin 118-4, Volume 1 (Ford, 1975). The results of this 
recent study are resented in four volumes. This report is Volume 5 and 
describes ground ater conditions in Alexander Valley and the Healdsburg 
area. Volume 2 d als with the Santa Rosa Plain, Volume 3 with the Petaluma 
Valley, and 4 with the Sonoma Valley. 

This report xander Valley and the Healdsburg area includes evaluation 
of: geologic and hydrologic characteristics of the ground water basins; the 
volume of fresh g Dund water in the basins; the interconnection of ground 
water and surface the potential for artificial recharge of ground 
water. 

Howard H. Eastin, 

Department of Wat r Resources 

The Resources Age cy 
State of Californ·a 
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Chapter 1. INTRODUCTION 

Alexander Valley and the Healdsburg area 
(Figures 1 and 2) ha e been experiencing 
a general population increase t as has 
all of Sonoma County Because the popu­
lation has increased so has the demand 
fo~ water. Ground w ter, water stored 
underground in perme ble rock or soil 
formations, plays an important role in 
meeting this demand. More than 15,000 
water wells have bee identified in 
Sonoma County, of wh ch about 1,600 are 
in Alexander Valley nd the Healdsburg 
area. Ground water ccounts for about 
60 percent of the to al water demand for 
the middle Russian a d Dry Creek units 
of the Russian River service area 
(Finlayson, 1980; se references at end 
of report). 

Ground water is used for domestic, 
municipal, industria , and agricultural 
purposes. The citie of Cloverdale and 
Healdshurg rely prin ipally on ground 
water to meet mnniei a1 water needs. 

To obtain adequate i formation for prep­
aration of a water r sources development 
plan in Sonoma Count , the Department of 
Water Resources ente ed into an agree­
ment with Sonoma COll ty Water Agency to 
study the water reso rces of the county. 
The study evalu~ates' he hydrologic char­
acteristics of the a ea and the effects 
of increased use on he ground water 
resource, and it off rs suggestions on 
the conjunctive use f ground and 
surface water suppli s. 

Sonoma County Water gency requested 
that the study: 

o 	 Evaluate the geolo ic and hydrologic 
characteristics of the various ground 
water basins and e timate their 
physical, economic and operational 
potential. 

o 	 Evaluate the potential yield of the 
ground water basin and possible 
changes in water quality resulting 
from optimum pumping. 

o 	 Evaluate potential for artificial 
recharge of the ground water basin. 

o 	 Present a range of alternative plans 
of operation that can be used as a 
guide by local agencies to determine 
use of ground water in conjunction 
with surface supplies. 

The cooperative study accomplished two 
goals. Firs t, the study provided ground 
water data that Sonoma County Water 
Agency needs to develop water management 
guidelines and that the Department of 
Water Resources needs to evaluate the 
extent of the ground water resource for 
use in statewide planning. Second, the 
cooperative study assures that planning 
will be based on local conditions and 
that local agencies will be involved in 
the effort and be acquainted with the 
conclusions and with the facts on which 
those conclusions are based. 

Location of the Study Area 

Alexander Valley extends southward from 
the Sonoma-Mendocino county line to 
about 1.6 kilometres (I mile) south of 
Barnes Creek t a di stance of about 
32 kilometres (20 miles) (Figure 2). 
Cloverdale Valley is included in Alex­
ander Valley. The Russian River flows 
through the entire length of Alexander 
Valley. The valley has a maximum width 
of 2.4 kilometres (1.5 miles) and encom­
passes about 10 700 hectares (26,500 
acres) of flat land. The total area of 
water-bearing formations is somewhat 

3-76047 
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larger because the valley floor is 
locally bounded by low hills consisting 
of unconsolidated water-bearing sedi­
ments. The Russian River is joined by a 
principal tributary, Big Sulphur Creek, 
at the north end of Cloverdale Valley. 

The Healdsburg area includes the flood 
plain of the Russian River, as well as 
adjacent areas outside the flood plain, 
and extends from the confluence of 
Sch~ol House Creek and Dry Creek at the 
north to Lafayette School and the U. S. 
Government Reservation in Healdsburg to 
the south. Russian River passes through 
only a small portion of the valley that 
constitutes the Healdsburg area. The 
entire area, which includes Dry Creek 
Valley, encompasses about 8 100 hectares 
(20,000 acres) and trends in the same 
general direction as Alexander Valley. 
The width of the Healdsburg area ranges 
from less than 1 kilometre to 3 kilo­
metres (0.5 to 2 miles), and the length 
is about 16 kilometres (10 miles). It 
is widest at the confluence of Russian 
River and Dry Creek. 

The entire study area is included in the 
Sonoma County ground water basin 
(Peters, 1980). Figure 2 shows the 
study area boundary. The boundary of 
the two ground water sub-basins, 
Alexander Valley and Healdsburg area, is 
generally determined by the boundary of 
the alluvium and river channel deposits, 
except where some ~lder water-bearing 
sediments occur ~t tbe surface (see 
Figure 10, on page 33, and plate 1). 

Previous Related Investigations 

Previous investigations related to the 
ground water resources in Alexander 
Valley and the Healdsburg area have been 
limited chiefly to collecting data on 
specific water resource problems. The 
earliest published report dealing with 
the water resources of the area (Waring, 
1915) summarized the characteristics of 
several springs in Sonoma County. 

The first comprehensive study of the 
geology of Sonoma County was by Weaver 

(1949). Subsequently, the U. S. 
Geological Survey published three water­
supply papers dealing with ground water 
geology of various parts of the county 
(Cardwell, 1958; Cardwell, 1965; and 
Kunkel and Upson, 1960). Cardwell 
(1965) included the entire Russian River 
watershed. 

Current Investigation 

For this study, data were collected from 
selected water wells, including most of 
the irrigation, public supply, and 
large-draft industrial wells. The water 
levels in selected wells were measured 
periodically to determine the magnitude 
and characteristics of the fluctuations 
in ground water levels. 

To simplify compilation and evaluation 
of hydrologic data, the area was divided 
along township, range, and section lines 
to form 130 to 260 hectare (320 to 
640 acre) cells. All hydrologic data 
were then evaluated by cells. 

To determine the total volume of ground 
water in storage and the total storage 
space available to receive recharge, 
water well logs were used to develop 
geologic cross sections. The well log 
information on types of materials 
encountered in each well was coded as 
input to a computer program, described 
in Chapter 4. This program averages the 
log information by cells to estimate 
total ground water storage capacity for 
each cell. When combined with fall 1980 
water level information, the total 
volume of ground water in storage and 
the remaining unsaturated storage space 
available to receive recharge were 
determined for fall 1980. Water quality 
data were tabulated and calculated to 
determine whether selected mineral 
constituents exceed recommended limits. 

Soil maps developed by the U. S. 
Department of Agriculture Soil Conserva­
tion Service (Miller, 1972) were evalu­
ated according to their combined land 
slope and soil permeability. Those 
soils on slopes less than 15 percent and 
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having a permeability greater than 
1.5 centimetre (0.6 iach) per hour have 
been tentatively clas ified as natural 
recharge areas (after Muir and Johnson, 
1979). 

The well numbering system used in this 
report is based on th~ rectangular 
system of subdividing public land. Many
valley areas are portio~s of land 
grants and have never been formally sub­
divIded according to the U. S. Public 
Land Grid. For reference in locating 
water wells and other features, these 
areas have been subdivided by extending 
the section lines frem adjacent areas. 
A reference set of maps showing these 
extensions is on file at the Department 
of Water Resources ard can be used by 
interested persons. 

• 

A State well numbering system has two 
basic parts: township and range 
location, and section location. For 
example, well 10N/9W-26L2 (Figure 3) is 
in Township 10 North, Range 9 West, and 
Section 26. Each section is subdivided 
into 16 quarter-quarter sections of 
16 hectares (40 acres) each. Each 
16-hectare tract is identified by a 
letter designation. This particular 
well is in tract "L", which also can be 
described as the northeast quarter of 
the southwest quarter of Section 26. 
The final number is the sequential 
number of the well within the particular 
16-hectare tract. 

FIGURE 3 
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Chapter 2. CONCLUSIONS AND RECOMMENDATIONS 

This study of ground water resources,in especially in the Glenn Ellen Forma­
Alexander Valley and the Healdsburg area tion, but deep well data are lacking 
has led to the folIo ing conclusions and to verify this. 
recommendations. 

o 	 Based on TRANSCAP, the volume of 
storage available to accept recharge 

ConcIo 	ions was 283 700 cubic dekametres (230,000 
acre-feet) in fall 1980. This 

o 	 The alluvium and rver channel represents 23 percent of the total 
deposits are the p incipal sources of ground water in storage in fall 1980 
ground water in we Is. The Glen Ellen and 17 percent of the total storage 
Formation is of se ondary importance, capacity. 
while the older fo ations and terrace 
deposits provide 1 sser amounts for o Water level fluctuations for the wells 
some domestic wate supplies. Water being monitored have averaged less 
wells in the alluv urn generally do not than 3 metres (10 feet). This 
exceed 18 metres ( 0 feet) total depth fluctuation reflects only seasonal 
and pump between 7 0 to 1 890 litres withdrawals and recharge. Well hydro­
(200 to 500 gallon ) per minute. graphs indicate no long-term declines, 

and no overdraft exists at this 	time. 
o 	 Most principal aqu fers in the Healds- Because the basins are essentially 

burg area appear t be hydraulically "full", an artificial recharge program 
connected with the Russian River. It to increase the volume of ground water 
is probable that s allow wells close in storage is not needed now. 
to the Russian Riv r and Dry Creek get 
water directly fr the adj acent o Ground water pumpage can probably be 
stream as the resu t of stream water increased with little or no adverse 
entering the groun water basin during effect in all areas except in the 
the dry part of th year while water higher elevations where wells tap the 
flows into the riv r from the ground Franciscan Complex. Ground water in 
water basin duri_I!g the rest of the the rocks of the Franciscan Complex is 
year. limited in quantity, and the rocks 

themselves have very low 
o 	 If the flow of the Russian River is permeabilities and specific yields. 

seriously curtaile , shallow wells 
close to the river could be affected. o Ground water in the study area is 

hard, bicarbonate, and generally 
o 	 The total volume ground water in suitable for all uses. The dissolved 

storage in fall 1980,was 1.22 million solids content ranges from 80 to 680 
cubic dekametres (992,000 acre-feet). milligrams per litre (mg/L). Hardness 
This represents t e total storage in ranges from 14 to 230 mg/L. Concen­
both Alexander Valley and the Healds­ tration of iron is low, generally less 
burg area. The total storage capacity than 0.1 mg/L. 
of the study area is 1.65 million 
cubic dekametres (1.34 million acre­ o Ground water is used for agricultural, 
feet), according 0 TRANSCAP. There industrial and domestic, and municipal 
is probably alar er storage capacity, supply. 
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Recommendations 

o 	 Continue ground water level monitoring 
so that estimates of ground water in 
storage can be improved and any 
changes in the ground water table can 
be detected. 

o 	 Considering the proximi ty of shallow 
wells to the Russian River and its 
tributaries and the assumption that 
tHese wells are fed by the streams, 
severe curtailment of riverflow and 
water contamination should be avoided 
if present practices are to continue. 

o 	 Examine available data more closely to 
determine the amount of hydraulic 
continuity between the riverflow and 
water wells near the river. 

o 	 More accurately define the recharge 
areas and recharge rates within the 
study area so that the importance of 
these areas to the ground water 
reservoir are understood. 

o 	 Establish a program for periodic samp­
ling of water wells for water quality. 
Constituents for which analyses should 
be conducted include sodium, salinity, 
total dissolved solids, nitrate, 
boron, and hardness. 

o 	 Conduct 24-hour, constant rate pump 
tests at selected locations in the 
study area to determine aquifer 
characteristics. 

8 



Chapter 3. GEOLOGY AND HYDROLOGY 

This chapter presents a brief overview and the Healdsburg area. Of secondary 
of the ground water Igeology, hydrology, importance are the Glen Ellen Formation, 
and soils of Alexander Valley and the alluvial fan deposits, and terrace 
Healdsburg area. A ~etailed description deposits, although the Glen Ellen Forma­
of these subjects h,s been published in tion is a major source in the southern 
D~partment of Water ~esources Bulle- part of Alexander Valley. In the 
tin 118-4, Volume 1 (Ford, 1975). extreme southern" part of the Healdsburg 

area, wells tap the Merced Formation. 
Two ground water sull-basins exist within Springs and wells in the Franciscan 
the study area bouncary. They are Alex­ Complex yield small quantities of water 
ander Valley and a alley referred to as along the western flank of the Healds­
the Healdsburg area. The Alexander burg area. The Sonoma Volcanics locally 
Valley ground water sub-basin consists yield water to wells, but their occur­
of two adjacent ground water reservoirs, rence is limited. 
Cloverdale Valley in the north and 
Alexander Valley in the south. Table 1 summarizes geologic and hydro­

logic characteristics of these units and 
Alluvium is the principal source of their specific yields. Plate 1 shows 
ground water in both Alexander Valley the areal distribution of these units. 

Table 1 

Sl/PMAAY OF HYDROlOGIC AND GEOlOGIC UNITS IN AlEXANDER VALLEY AND HEAlDSBURG AREA 

Geologic Untt lithology Sp!ciftc Yields COIJJIIenh 

Franciscan Comple}l Includes chert. sandstone, 
shale. greenstone, 
serpentine, limestone. and 
conglOO1erate. 

Very low (3%) Poor Quality water in thermal areas. 
Excellent qual ity waler in some cold spr \rigs 
that issue fnlll these rocks. 

Dry Creek 
Conglomerate 

Cobbles and boulders of 
granodiorite, chert, quartz. 
and greenstone, in an 
arkosic sandstone matrix. 

High (10-20%) Yields excellent Quahty calcium bicarbonate 
water to wells. 

Merced Formation (ourse­ to fine-grained 
sandstone, with minor 
amounts of clay and volcanic 
materiah. 

Moderate (8~151) Good quality water. large quantities of 
water may be obtained in thick sect ions of 
consolidated saoo. 

Sonooa Volcanics Thick section of flows, 
dikes, plugs, and beds of 
andesite, rhyolite, basalt, 
tuff, and related flow rocks. 

Variable (O-151) Well productivity in the volcanics is highly 
variable and unpredictable. Warm water is 
encountered in thermal areas. Generally 
yields satisfactory quality sodium 
bicarbonate water. 

Glen [lien 
format ion 

Poorly sorted alluvial fan 
and flood plain deposits of 
gravel, sand, silt, and 
some clay. 

low (3-7l) 
Ground water in the format ion has a greater 
range of character than any other format ion. 
Some of the best and some of the poorest 
quality water is obtained fron this 
format ion. 

Terrace Deposits Unconsolidated deposits of 
sand and gravel. 

Moderate (8-15%) Water Quality is generally e~cellent. Water 
is a sodium magnesium-bicarbonate type. 

Alluvium and River 
Channel Deposits 

Coarse sand, silt, clay, 
and gravel, and lenses of 
very fine sand. 

High (8-20l) Minor amounts of methane gas. The format ion 
supplies IIDst of the ground water in the 
area. 

4-76047 
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The subsurface distribution of these 
units has been determined along the 
cross section lines indicated on Plate 1 
and Figure 4A as A-A', B-B', C-C', and 
D-D'. Figures 4B-E show profiles of the 
four cross sections. The following 
paragraphs briefly describe the geologic 
units. 

Franciscan Complex 

The Franciscan complex, of Jurassic to 
Cretaceous age (see Figure 5), is the 
oldest geologic unit in the study area. 
The rocks of the Franciscan Formation 
consist mainly of poorly sorted sand­
stone and shale, but also include 
serpentinite, greenstone, chert, and 
occasionally schist. Greenstone predom­
inates southwest of Dry Creek, but local 
bodies of shale, chert, sandstone, and 
serpentinite do occur (Cardwell, 1965). 

Numerous faults transect the area and, 
as a result, the rocks are generally cut 
by many fractures. Many springs issue 
from these fractured rocks and supply 
water to the local tributaries of the 
Russian River. These springs and wells 
in the bedrock also supply water for 
many rural homes near Cloverdale Valley. 
Well IlN/I0W-19F2, Which is 102 metres 
(335 feet) deep, obtains water from 
fractures in bedrock (Cardwell, 1965). 
Even though the specific capacity of the 
well is reportedly low, the well yields 
are sufficient for ~dmestic use. 
Because of the low well yields, areas 
underlain by the Franciscan Complex were 
not included in calculations of storage 
capacity. 

Dry Creek Conglomerate 

The Dry Creek conglomerate, of Creta­
ceous age, is exposed from Lytton to 
about 16 kilometres (10 miles) northwest 
of Lytton. The conglomerate is composed 
of well rounded cobbles and boulders of 
granodiorite, porphyry, quartz, chert, 
and greenstone contained in a matrix of 
medium to coarse-grained arkosic 

sandstone (Ford, 1975; Cardwell, 1965). 
The conglomerate consists of beds up to 
30 metres (100 feet) thick (Ford, 1975). 
The entire formation waS estimated by 
Gealey (1951) to be about 1 500 metres 
(5,000 feet) thick. 

Wells that tap saturated sections of the 
Dry Creek conglomerate generally produce 
sufficient quantities of water for 
domestic purposes. The ground water is 
apparently contained in pore spaces 
between uncemented grains and in small 
fractures. The formation yi'elds water 
to wells even though the permeability is 
thought to be low (Cardwell, 1965). 
Well yields range from 75 to 230 litres 
(20 to 60 gallons) per minute, with 
drawdowns from 5 to 30 metres (15 to 
100 feet) (Ford, 1975). 

Merced Formation 

The Merced Formation, generally of Plio­
cene age, occurs only in the southern 
part of the Healdsburg area. The forma­
tion is composed of unconsolidated to 
slightly consolidated, fine to medium 
grained, fossiliferous sand and sand­
stone, with some gravelly lenses and 
sandy clay. The formation also contains 
at least one persistent tuffaceous bed. 
The Merced Formation ranges in thickness 
from a few metres to 300 metres (1,000 
feet) or more (Cardwell, 1965). A more 
detailed discussion of the Merced 
Formation is given in Cardwell (1959), 
Ford (1975), and Bedrossian (1970). 

The Merced Formation generally yields 
large quantities of water, and further 
south is an important water-bearing for­
mation. To the south, in the Sebastopol 
area, some wells in the Merced Formation 
yield 23000 litres (600 gallons) per 
minute, or more (Cardwell, 1965). In 
the Healdsburg area, however, only small 
to moderate yields are obtained from 
wells that tap this formation. A few 
wells in the Healdsburg area do tap 
thick sections of unconsolidated sand 
and yield large quantities of water. 

10 
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FIGURE 4B 
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Sonoma Volcanics 

The northernmost extent of the Sonoma 
Volcanics is in Alexander Valley. The 
rocks consist principally of basalt 
flows, tuff, and breccia, but also 
include andesite, rhyolite, and associ­
ated volcanic sediment. The maximum 
thickness in the vicinity of Alexander 
Valley and in the Healdsburg area is 
probably about 300 metres (1,000 feet) 
(Cardwell, 1965). No data were 
collected concerning the water-bearing 
characteristics of these rocks in the 
study area. 

To the south, in Santa Rosa and adjacent 
valleys, the volcanic rocks yield water 
to wells, locally in large quantities 
(Cardwell, 1958). Successful wells that 

have been drilled into the volcanics 
generally yield from 40 to 200 litres 
(10 to 50 gallons) per minute (Ford, 
1975). Fractured basalt, flow-contact 
zones, and coarse-grained volcanic sedi­
ments are the water-yielding rocks of 
the Sonoma Volcanics. 

Glen Ellen Formation 

The Plio-Pleistocene age Glen Ellen 
Formation is composed primarily of 
poorly sorted alluvial fan and flood 
plain deposits. The sediments include 
gravel, sand, silt, and clay that have 
been largely derived from Sonoma Vol­
canics debris (Cardwell, 1965). Thick 
units of silty gravel and clay are com­
monly interbedded with thin lenses of 
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partially cemented s lty sand. The 
deposits vary widely in extent and 
thickness, and indiv dual beds rapidly 
grade into each othe , both laterally 
and vertically. The thickness of the 
Glen Ellen Formation has been estimated 
at about 500 metres 1,500 feet) east of 
the Russian River a along the east 
side of Dry Creek (C rdwell, 1965). 
Elsewhere, thickness of the formation is 
difficult to determi e. 

The primary outcrops of Glen Ellen are 
exposed at the south rnmos t end of 
Alexander Valley. I the southern half 
of the valley, drill rs' logs of water 
wells and discontinu us exposures 
suggest that the Gle Ellen Formation 
underlies the valley sediments at depths 
ranging from a few m tres to 20 metres 
(60 feet) below the urface (Cardwell, 
1965). The subsurfa e extent of the 
Glen Ellen is not we 1 known in the 
northern half of the valley. 

The water-yielding p tential of the Glen 
Ellen Formation vari s considerably due 
to its heterogeneous nature, but permea­
bility is generally ow. Most of the 
wells drilled into t e Glen Ellen in the 
Healdsburg area are or domestic use. 
The yield from these wells ranges from 
5 to 500 litres (1 t 140 gallons) per 
minute, with a speci ic capaci ty of 
about 25 litres per nute per metre 
(2 gallons per minut per foot) of 
drawdown (Card~ellJ._ 965) • 

The Glen Ellen Forma ion exhibits 
similar water-beari characteristics in 
Alexander Valley. S ecific capacities 
of wells are general y low, but high 
yields may be obtain from wells that 
penetrate thick sect ons of the forma­
tion. Many wells in the southern part 
of Alexander Valley roduce from the 
Glen Ellen. Farmers in the southern 
upland area obtain a equate supplies 
(450 litres (120 gal ons) per minute) of 
water from the forma ion at depths of-
less than 60 metres 200 feet) 
(Cardwell, 1965). 

Terrace Deposits 

Remnants of Pleistocene age Terrace 
Deposits are discontinuously exposed 
along the Russian River and Dry Creek. 
They consist of unconsolidated, cross 
bedded sands, with some silt and clay. 
The thickness of these deposits varies, 
but may be up to 61 metres (200 feet) 
(Ford, 1975). The Terrace Deposits were 
originally formed as alluvial fan, flood 
plain, and stream channel deposits, and 
have since been -isolated as the streams 
have downgraded. 

Most terrace deposits may yield adequate 
supplies of water for domestic, stock, 
commercial, and limited industrial uses. 
Wells drilled into these deposits gener­
ally yield from 40 to 200 litres (10 to 
50 gallons) per minute. Specific capa­
cities range from less than one to about 
60 litres per minute per metre (5 gal­
lons per mtnute per foot) of drawdown 
(Cardwell, 1965). Higher yields may be 
obtained where the deposits are fairly 
extensive and undissected. One well in 
such material reportedly yielded 1 650 
litres (435 gallons) per minute with a 
drawdown of 30 metres (100 feet). The 
well is 55 metres (180 feet) deep, and 
may tap the Glen Ellen Formation beneath 
the terrace deposits (Cardwell, 1965). 

Table 2 shows the variation of some 
wells within the terrace deposits. 

Table 2 

WELL YIELDS FROM TERRACE DEPOSITS 

Well Yield ~er Minute Ora.roown 
Number l1tres Sa lions Metres Feet 

9/9-17RI 75 20 14 44 

919-l2PI 90 24 5 17 

319-32E3 230 60 16 50 

9!lO-IGI 800 200 12 38 
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Alluvium and 

River Channel Deposits 


Unconsolidated alluvium, of Holocene 
age, underlies the alluvial plains of 
the Russian River, Dry Creek, and tribu­
tary streams. Those deposits adjacent 
to the river and streams consist of 
loose, permeable gravel and sand that 
range in thickness from a few metres to 
mor~ than 24 metres (80 feet) (Cardwell, 
1965). Farther from the river, the 
alluvium contains less coarse-grained 
material and more silt and poorly sorted 
sand and gravel deposited by tributary 
creeks. As a result, the alluvium away 
from the river is less permeable than 
alluvium near the river, and yields less 
water to wells. 

In general, high yields are possible 
from wells that produce from the allu­
vium, and this source supplies most of 
the ground water used in the Healdsburg 

area. Near the river, wells 8 to 
15 metres (25 to 50 feet) deep generally 
yield 800 to 2 000 litres (200 to 
500 gallons) per minute (Cardwell, 
1965). In the marginal areas, where 
little river channel gravel exists, 
wells have a lower yield. It is poss­
ible for wells in the alluvial deposits 
to yield 3 800 litres (1,000 gallons) or 
more, provided the wells are correctly 
located and properly constructed 
(Cardwell, 1965). 

Many irrigation wells in both valleys 
obtain their water supply from the allu­
vium, but yields greater than 2 000 
litres (500 gallons) per minute are not 
generally required because the amount of 
land irrigated by individual wells is 
relatively small. The specific capaci­
ties of irrigation wells drilled into 
the alluvium commonly range from 200 to 
800 litres (50 to 200 gallons) per 
minute (Cardwell, 1965). 
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Chapter 4. GROUND WATER 

The term geohydrolog refers to the Impermeable bedrock includes rocks that 
study of flow charac eristics of subsur­ either yield no water at all or that 
face waters; the te is synonymous with yield water so slowly that they are 
ground water hydrolo y (see Figure 6). suitable only for a domestic supply or 
Geohydrology include such topics as the for a water system that has extensive 
occurrence, movement and recharge of storage facilities and a low rate of 
grQund water, each 0 which is discussed use. In Alexander Valley and the 
below. Also include in this chapter Healdsburg area,- the Franciscan Complex 
are discussions of r lated topics such is essentially impermeable bedrock. 
as water level fluct ations, ground 
water storage capaci y, computer­ The canyon that connects Alexander 
assisted geologic ev Iuations, and Valley and the Healdsburg area has been 
identification of th ground water basin eroded in the Franciscan Complex, a 
and sub-basin bound a ies. relatively impermeable bedrock, by the 

Russian River. The canyon contains only 
a minor amount of water-bearing stream 

Ground Wa er Basin channel deposits. 

A ground water basin is an area under­ A similar reduced section of water­
lain by permeable ma erials capable of bearing materials occurs between Clover­
furnishing a signifi ant supply of dale Valley and Alexander Valley near 
ground water to well A basin is Asti. This constriction is shorter and 
3-dimensional and in ludes both the sur­ wider than that between Alexander Valley 
face extent and all f its subsurface and the Healdsburg area, but neverthe­
materials that yield fresh water. less it also constitutes a ground water 
Ground water basins sually can be boundary between two sub-basins. 
divided into a valle floor area and 
upland ground water errain. The valley Faults are fractures in the rock along 
floor area normally onstitutes the which the rocks on either side have been 
major part of a grou d water basin, and moved. The fracture might or might not 
it is usually an are of low to neglig­ intersect the earth's surface. Faults 
ible relief. Ground water basins in sometimes create zones of crushed and 
California areoforma ly defined by broken rock along the fault trace. This 
Peters (1980). The tudy area for this crushed material can be clay-rich, 
report consists only of the Alexander impeding the movement of ground water 
Valley, Cloverdale V lley, and Healds- across the fault and thus acting as a 
burg area portions 0 Sonoma County barrier. 
Basin. The area stu ied is further 
restricted to the wa er-bearing deposits Although there are many faults in the 
in those sub-basins. uplands that separate Alexander Valley 

from the Healdsburg area, as well as in 
Geologic features su h as impermeable the surrounding foothills, the fault in 
bedrock, smaller cro s-sectional areas Dry Creek Valley is the only one mapped 
of alluvial material folded sedimentary as cutting the alluvium and stream chan­
rocks, and faulted r cks can all affect nel deposits. So few measurements of 
the movement of grou d water within and water levels in wells are available that 
between sub-basins ( ee Figure 7). If it is not known whether this Dry Creek 
the flow of ground w ter is sufficiently Valley fault acts as a barrier to the 
reduced, such geolog c features may even movement of ground water. 
be considered to be sin boundaries. 
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FIGURE 6 


GROUND WATER TERMINOLOGY 

The science of ground water hydrology deals with the distribution and behavior of ground water -- how much water 
is contained in any geologic material and how easily it can be extracted. The science of ground ~ater geology deals with 
the effect of geology on the distribution and movement of ground water -- how different geologic materials and geolog~c 
structures determine the rate and paths of movement of ground water. By knowing the geology of an area. the subsurface 
hydraulic properties of that area can be estimated, because ground water hydrology and ground water geology are closely 
related. 

Geologic formations can be divided into two groups: water-yielding and nonwater-yielding. Water-yielding forma­
tions, WhlCh usually consist of unconsolidated deposits of sand and gravel. readily absorb, transmit, and yield large 
quantities of ground water to wells. Nonwater-yieldiny formations. which usually consist of clay and consolidated rocks. 

\ 	yield only limited quantities of water to wells. Each geologic formation has specifiC hydraulic properties: porosity. 
permeability, specific yield, and transmissivity. 

POROSITY ANO PERMEABILITY 

Porosity is the ratio of the volume of the voids between the particles in a sample to the total volume of the 

sample. 


volume of voids 
Porosity = total volume of sample (100) ~ % 

Porosity is not necessarily indicative of permeability, which 1ndicates the ease with which ground water moves 
through a material. If the openings between the particles are small or are not connected, the permeability of the 
material is low. For example, clay contains a large number of small voids, so its porosity may be as high as 50 percent. 
Because of the physical and Chemical nature of clay. it transmits very little water and it has it very low permeability, 
about 1.07 X 10-4 metres (3.5 X 10-4 feet) per day.* The porosity of sand and gravel is about 20 percent, much lower 
than the porosity of clay, but the voids in the sand and gravel are larger and are interconnected. Thus, most sands and 
gravels transmit water readily, having a permeability of about 1.07 X 102 metres (3.5 X 102 feet) per day. 

A permeable geologic unit is called an aquifer. A relatively impenmeable geologic unit is called an ~clude or 
an aguitard because it retards the flow of water; both are called confining beds becaus~ they block the movement of 
ground water. Confining beds usually consist of clay or other fine-grained sediments. They contain ground water but 
have low permeability and cannot transrr:it extractable quantities. Granite is an example of an aquifuge because ground 
wat~r cannot flow through it; granite is n~ither porous nor permeable. Ground water does flow through joints in the 
granite, but that geologic complication is a result of structural complexiti~s not related to porosity or permeability. 
The porosity and permeability of formations composed of clay. sands, and gravels generally decrease through time as the 
formation becomes more consolidated. 

SPECIFIC YJ[LD 

Specific yield is the ratio of the volume of water that will drain due to gravity from a saturated sample of 

material to the total volume of the sample. 


Sp~cific Yield ~ volume o(~!I_ter drained (100) = 1 
total volume of sample 

The higher th~ specific yield of a geologic unit. the more water it will yield. listed below are r~presentative 
specif1c yield values for common geologic materials. Geologic materials having a mor~ uniform grain size distribution 
will have a greater specifiC yield because of the gl·eater total amount of s?ace between particles. Consolidated rock and 
rocks such as basalt and granite are giv~n specific yield valu~s close to zero b~cause water is contained only in 
fractures and not withilrthe rock. The volume of water stored in fractured rock is highly variable. depending on the 
size and extent of the fractures, and cannot b~ easily quantified. 

3 5 10 '0 Z5 

G~ologic :-taterial Adob~ 
Clay 

Shale 

Cemented Gravel 
Cement~d Sand 

Clay and Gravel 
Silt 

Clay, Sand, & Gravel 
Fine Sand 
Quicksand 

Sand and Clay 

Coarse Sand 
loose Sand 
Medium Sand 

Gra'le 1 
Sand and Gravel 

TRANSMISSIVITY 

Transmissivity is the rate at which ground water will flow through a unit width of an aquifer. and is equal to the 
permeability of an aquif~r multiplied by its thickness. The transmissivity of an aquifer or fonmation can generally be 
determined only from water level data collected during extended pumping of a water well. During a constant-rate pump 
test, abrupt changes in the slope of the curve from which transmissivity is determined indicate either the presence of a 
barrier, which impedes ground water movement, or the presence of a source of ground water recharge. 

*UMetres per day" and "feet per day" are standard velocity units that indicate the amount of ground water that moves 
through a given cross-sectional area in one day: 
a. 1 cubic metre of ground water moves through 1 square metre 1n 1 day. The units are: 1 m3 / m2 / day 1 mlday 
b. I cubic foot of ground water moves through 1 square foot in 1 day. The units are: 1 ft3 I ft2 / day = I ft/day 
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Ground Water Occurrence 
and Movement 

Ground water in the Alexander Valley and 
Healdsburg area occurs in the alluvial 
materials and river channel deposits, 
with some water coming from the Glen 
Ellen Formation. Older rocks, such as 
those belonging to the Franciscan 
Complex and Dry Creek Conglomerate, are 
tapped in and near the foothills and 
yiela only minor quantities of water to 
wells. 

In Alexander Valley, ground water moves 
from the margins toward the Russian 
River during most of the year.. When 
ground water levels are depressed, 
usually during the fall, flow in Russian 
River recharges the ground water 
reservoir. The distance from the river 
that such recharge occurs is not known. 
Local movement of river water into the 
alluvium occurs during high river stages 
in the autumn and winter, and also in 
summer in areas where large withdrawals 
are made close to the river (Cardwell, 
1965). Most recharge to the ground 
water is derived from infiltration of 
rain that falls on the valley floor and 
from seepage into permeable deposits 
that underlie channels of the tributary 
streams. The gravelly alluvial cone of 
Big Sulphur Creek is a large source of 
recharge both from infiltrating rain and 
from streamflow. 

Large quantities uf''Subsurface flow are 
contained in the channel deposits of the 
streams. Dry Creek subsurface flow into 
the Healdsburg subunit has been 
estimated at 1 230 cubic dekametres 
(1,000 acre-feet) per year (Finlayson, 
1980) • 

Occurrence, movement, and fluctuation of 
ground water are determined through 
analysis of water level data obtained 
from a number of wells located through­
out a ground water basin. These data 
provide an insight to the ground water 
conditions within the area under study. 
Most of these water level data are of a 

composite nature, because they do not 
represent actual potentiometric condi­
tions for any specific aquifer or water­
bearing stratum, but represent an 
average for all water-bearing strata 
intercepted by a particular well. 

Water Level Fluctuations 

Typical water level fluctuations in the 
study area are shown on ground water 
hydrographs in Figures 8A and 8B. A 
hydrograph is a graphical record of 
water level measurements that have been 
taken over a period of time. The spring 
water level reading represents the high­
est level to which the ground water has 
recovered after winter precipitation. 
Conversely, the fall measurement repre­
sents the lowest cyclic level to which 
the ground water has dropped after 
summer pumping. 

Long-term hydrographs reveal any changes 
in the water levels of various ground 
water bodies. Data of this type are 
available from 17 key wells -- 9 in 
Alexander Valley and 8 in the Healdsburg 
area (see Figures 8A and 8B). Some of 
these wells have been measured since 
1960, giving a good indication of the 
nature of the ground water units that 
the wells tap. 

The hydrographs in the study area indi­
cate essentially no long-term change in 
water levels over a 20-year period. 
This suggests that the aquifer systems 
tapped by most of these wells are being 
adequately recharged to meet the 
seasonal demands on ground water and 
that no long-term overdraft exists. The 
range of fluctuations in wells in the 
alluvial plain is less than 3 metres 
(10 feet) per year, suggesting that 
water levels are affected only by 
natural recharge, discharge, pumping, 
and variations in rainfall. Seasonal 
fluctuations in the upland areas and 
near the margin of the alluvial plain 
are generally somewhat greater. 
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FIGURE 8A 
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Computer-A sisted permeability using a curve developed 
Geologic Ev luation during the Department of Water Resources 

investigation of the Livermore and Sunol 
One of the goals of t is study was to Valleys (Ford and Hills, 1974). Permea­
determine the total v lume of ground bility is then converted to transmissiv­
water in storage and he available ity using the estimated water-bearing 
ground water storage apacity. Avail­ thickness. When no drillers' logs were 
able storage capacity indicates the available for a cell, storage capacity 
capability of the cel to store addi­ values were extrapolated from another 
tional ground water f om natural or cell with similar geology. 
artificial recharge. This was deter­
min~d with the aid of the computer A sample TRANSCAP printout (in customary 
program TRANSCAP. units) is shown on Figure 9. The 

variables listed in the upper left-hand 
The input to TRANSCAP was based on corner of the table describe the values 
drillers' logs of wat r wells. All well used to set up TRANSCAP for this cell 
logs in the study are were located and (Node 7). Increment of Depth = 10 indi­
assigned to the prope cell area. Each cates that specific yields are averaged 
cell is equivalent to a section or half over 3-metre (10 foot) intervals. Node 
section -- 260 or 130 hectares (640 or Elevation Control is the average eleva­
320 acres). Figure 1 (page 34) shows tion of the land surface within the 
the cell boundaries. The study area was cell. Node Surface Area is the surface 
divided into 95 cells Cells 1 to 56 area (in acres) of the cell or part of a 
are in Alexander Vall y, and cells 57 to cell. Note that the center point in a 
95 are in the Healdsb rg area. cell is called the "node". 

Each well log was ana yzed, and the In the table, intervals are described in 
descriptions of subsu face materials terms of both "depth" below land sur­
encountered in each w 11 were translated faces and "elevation" relative to sea 
into Equivalent Speci ic Yield (ESY) level. For example, for the interval 
values. ESY was defi ed by Ford and between 3 to 6 metres (10 to 20 feet) 
Finlayson (1974) as a property of the above sea level, at a depth of 67 to 
geologic material num rically equal to 70 metres (220 to 230 feet): 
the specific yield, b t without the 
connotation of the qu ntity of ground o 	 Average specific yield is 15 percent. 
water contained there n. 

o 	 Unit width transmissivity is 38 000 
ESY data were then us d as input for litres (10,000 gallons) per day. 
TRANSCAP for all sele ted wells in the 
ground water basin. o 	 Storage capacity is 8 900 cubic deka­

metres (7,200 acre-feet). 
TRANSCAP was not run or those cells 
with surficial geolog composed mainly The computer-generated numbers should be 
of the Franciscan Com lex and the Dry rounded before use to one or two signif­
Creek Conglomerates b cause those icant figures to avoid the impression of 
geologic units yield ittle water. precision. 

The TRANSCAP program dj usts all wells To determine the ground water storage 
within a cell to the verage elevation capaci ty of any cell, the bot tom of the 
of the land surface i that cell. The water-yielding zone must first be estab­
program then averages all the ESY data lished. The graph on Figure 9 shows a 
from all wells in tha cell for each profile of the transmissivity in the 
3-metre (la-foot) inc ement of depth. sample cell. The more horizontal the 
The averaged data are related to line, the better the water-yielding 
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zone. The more vert cal the line, the 
more that zone functions as a confining 
bed. The bottom of the water-yielding 
zone is determined from the TRANSCAP 
graph and is verified by comparison with 
geologic maps and cross sections. The 
top of the water-yielding zone is gener­
ally assumed to be the land surface. 

The net storage capacity of the 
water-yielding zone is calculated by 
subtracting the stor'age capacity to 
bottom figure at the bottom of the 
water-yielding zone from the correspond­
ing figure at the top of the water­
yielding zone. A typical work sheet is 
shown on Table 3. 

Tab 1. 3 

SUMMARY OF AlEXANDER VALLEY AND HEAlDSBURG NODAl STORAGE 

Fall of 1980 
To of 80ttOll of Total Ground Saturated Dewatered 

Node 

Surface 
Area 

(Acres! 

Aq 1fer 
Ele at ~\'"( eet 

Aquifer 
Elevation 

(Feet! 

Storage 
Capacity 

(Acre-Feet! 

Water 
Elevat ion 

(Feet! 

Storage 
Space 

(Acre-Feet! 

Storage 
Space 

(Acre-feet! 

1 160 20 260 1,100 300 887 213 
2 
3 

320 
160 

P20 
20 

180 
260 

4,470 
1,100 

290 
310 

3.318 
887 

1,152 
213 

4 480 P20 210 5,728 300 4,816 912 
5 320 00 190 5,088 300 5,088 0 

6 640 320 230 4,089 310 2,489 1,600 
7 640 90 190 13,044 290 13,044 0 
8 480 330 210 2,448 320 1.944 504 
9 240 10 190 5,484 280 4,512 972 

10 480 320 200 6,349 290 5.917 432 

11 480 70 190 2,208 270 2,208 0 
12 640 360 200 10,679 270 5,117 5,562 
13 640 90 200 9.002 260 4.394 4,608 
14 640 330 230 4,000 240 256 3.744 
15 320 250 80 6,304 225 4,784 1,520 

16 480 230 100 12.048 210 11,088 960 
17 
18 

640 
320 

220 
220 

60 
50 

24,106 
4,840 

200 
195 

21,060 
3,946 

3,046 
891 

19 640 210 30 21.818 195 19.838 1,980 
20 320 230 -120 10,280 200 9,463 817 

21 160 210 60 5,616 190 4,816 800 
22 
23 

640 
320 

190 
190 

30 
50 

20,115 
10,240 

180 
175 

18,793 
9,424 

1,322 
816 

24 160 290 160 1,395 210 599 796 
25 320 200 90 5.632 170 4,936 696 

26 
27 
28 
29 
30 

640 
480 
640 
160 
320 

180 
180 
210 
220 
180 

50 
-50 
-50 
-90 

50 

18,387 
16,719 
17,189 
5,330 
7.488 

170 
180 
190 
195 
155 

17 .043 
16,719 
15.717 
4,710 
6,992 

1,344 
0 

1,472 
620 
496 

31 640 170 -60 21,645 160 21,364 281 
32 640 170 -140 33,220 160 32.666 554 
33 
34 
35 

640 
640 
640 

180 
210 
230 

-70 
-100 
-90 

16,590 
18,372 
22.040 

170 
180 
170 

16.270 
17 ,220 
19.355 

320 
1,152 
2.685 
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Tobl. 3 (Continued) 

Node 

Surface 
Area 

(Acres) 

Top of 
Aquifer 

EleYation 
(Feet) 

BoU", of 
Aquifer 

Elevation 
(Feet) 

Total 
Storage 
Capacity 

(Acre-Feet) 

Ground 
Water 

Elevation 
(Feet) 

Fall of 19BO 
Saturated 
Star090 
Space 

(Acre-Feet) 

oewltered 
Star090 

Space 
(Acre-Feet) 

36 
37 
38 
39 
40 

320 
480 
640 
480 
160 

220 
200 
170 
220 
300 

110 
-150 
-180 
-40 

0 

4,091 
22,010 
14,740 

9,051 
22,040 

160 
155 
160 
150 
170 

2,6B7 
19,156 
14,108 

6,507 
19,355 

1,404 
2,854 

632 
2,544 
2,685 

41 
42 
43 
44 
45 

320 
160 
640 
480 
320 

320 
170 
180 
220 
170 

120 
120 

-330 
-40 
120 

4,091 
539 

38,490 
9,051 

539 

170 
140 
135 
140 
135 

3,241 
212 

35,200 
6,267 

130 

850 
327 

3,290 
2,784 

409 

4~ 
47 
48 
49 
50 

640 
320 
160 
640 
640 

180 
400 
160 
190 
280 

-330 
-330 
100 
-20 
-30 

38,490 
55,386 
1,728 

11,582 
18,656 

140 
145 
130 
140 
150 

35,472 
35,813 

864 
9,841 

10,144 

3,018 
19,573 

864 
1,741 
8,512 

51 
52 
53 
54 
55 

640 
640 
480 
640 
640 

320 
370 
540 
400 
610 

-100 
-280 
-300 
130 
140 

18,548 
34,496 
66,138 
12,224 

9,024 

135 
145 
150 
150 
155 

6,356 
14,560 
36,154 

640 
6,240 

12,192 
19,936 
29,984 
11,584 

2,784 

56 
57 
58 
59 
60 

320 
160 
160 
480 
160 

930 
210 
210 
190 
190 

-100 
90 
90 

-60 
110 

67,348 
2,335 
2,335 

15,691 
1,850 

160 
185 
180 
175 
170 

6,548 
2,015 
1,951 

15,043 
1,466 

60,800 
320 
384 
648 
384 

61 
62 
63 
64 
65 

480 
320 
480 
640 
480 

180 
170 
200 
170 
240 

100 
-100 
-80 
-70 
-80 

4,078 
7,461 

15,217 
12,163 
17,904 

165 
160 
150 
140 
130 

3,402 
7,289 

12,625 
10,562 
12,192 

676 
172 

2,592 
1,601 
5,712 

66 
67 
68 
69 
70 

320 
640 
640 
160 
160 

150 
170 
220 
240 
120 

30 
-30 
50 

-40 
60 

3,737 
14,526 
8,009 
3,814 
1,028 

125 
no 
100 

95 
95 

3,189 
10,900 
2,510 
1,841 

630 

548 
3,626 
5,499 
1,973 

398 

71 
72 
73 
74 
75 

640 
640 
320 
640 
320 

170 
210 
no 
170 
150 

-100 
10 

-240 
0 

-40 

16,588 
11,320 
18,610 
9,645 
7,536 

95 
95 
85 
85 
85 

12,445 
5,064 

17,823 
6,455 
3,480 

4,143 
6,256 

787 
3,190 
4,056 

76 
77 
78 
79 
80 

640 
640 
160 
480 
640 

---90 
110 
100 

90 
90 

-20 
20 
70 

-150 
-40 

7,066 
9,074 

240 
17,144 
9,443 

75 
75 
75 
70 
70 

6,404 
5,701 

40 
16,212 
8,643 

662 
3,373 

200 
932 
800 

81 
82 
83 
84 
85 

640 
320 
640 
640 
640 

110 
90 
80 

110 
250 

-40 
10 

-10 
-60 
140 

7,754 
2,192 
9,254 

11,351 
4,602 

70 
6C 
55 
60 

180 

6,340 
1,728 
7,167 
8,203 
2,085 

1,414 
464 

2,087 
3,148 
2,517 

B6 
B7 
B8 
B9 
90 

4BO 
640 
640 
320 
640 

400 
BO 

100 
150 

BO 

IBO 
-80 

-420 
20 

-200 

9,456 
5,61B 

50,996 
3,274 

22,709 

200 
45 
50 
55 
40 

I,B72 
4,050 

47,232 
BBO 

IB,752 

7,5B4 
1,568 
3,764 
2,394 
3,957 

91 
92 
93 
94 
95 

640 
640 
640 
4BO 
640 

130 
80 

130 
60 

120 

-300 
-200 
-300 
-200 
-300 

37,022 
31,696 
2B,144 
18,544 
29,125 

40 
35 
35 
35 
35 

30,592 
26,431 
22,805 
17 ,160 
26,337 

6,430 
5,265 
5,339 
1,384 
2,788 
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To determine the volm e of water in the yield can be increased over a short 
storage, the average !round water level time to temporarily remove an additional 

for the cell is detem ined from a ground volume of water beyond normal seasonal 
water level map. The volume of water in fluctuations. Such withdrawal produces 
storage is determined by subtracting the additional storage space for the 

recharge of surplus surface water during storage caoacitv to b<ttom figure at the 
bottom of the water-y elding zone from wet years. As with any lithologically 
the corresponding fig re at the ground heterogeneous ground water basin, sub­

water table elevation This method stantial and sustained lowering of 
assumes that all grou d water in the piezometric levels in confined aquifer 

systems may result in subsidence. area studied is unconJ ined. , 
Water level informati n for fall 1980 To determine the recharge rate, and 
(Figure 10) was combi ed with the therefore the sustained yield of the 
product of TRANSCAP t determine the basin, certain data are required that 
storage capacity, the total volume of are not available in Alexander Valley 
water in storage, and the available and the Healdsburg area. The data 

ground water storage :apacity. Avail­ needed are: 
able storage capacity indicates that the 

• 	 The volume of water removed from the cell may be able to s ore additional 
ground water basin, which includes: ground water from nat ral or artificial 

recharge. The availa Ie storage capa­
Volume of municipal and private city of each cell is hown on 
ground water pumpage. Figure 11. 

Volume of surface water flow into 

Stora~e and out of the study area. Total Water n 

The total ground wate storage capacity, Volume of water used by vegetation 
(evapotranspiration). total volume of water in storage, and 

the available ground .ater storage 
Volume of water used for irrigation capacity are given in Table 4. There 

were not enough groun water level data and frost control. 
before fall 1980 to cpnstruct ground 

o 	 The volume of water returned to the water level maps, but hydrographs of 
wells moni tored in thr pas t were ground water basin from all sources, 

examined for trends. The hydrographs including: 
indicate that ground ~ater levels within 
the study area have generally remained Precipitation. 
constant. Even the d ought of 1976 and 
1977 did not seem to have affected water Irrigation. 
levels in any appreciable way. In 
general t therefore t the volume of ground Frost control. 

water stored in Alexander Valley and the 
Healdsburg area has "ot changed. -	 Artificial recharge. 

Experience has shown that not all of Streamflow. 
the ground water in storage can be 
extracted, nor can all of the unsatur­ Subsurface sewage disposal systems. 
ated available storaEe space be used. 

In summary, only the volume of annual Sustained yield is He volume of ground­
water that can be extracted annually change in ground water storage in Alex­
without adversely af ecting the ground ander Valley and the Healdsburg area has 

been estimated using information from water basin. Sustai<ed yield generally 
equals annual recharge to the basin, but TRANSCAP. 

• 
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The change in storage estimate was based from the water-bearing materials with 
on uniform ground water level fluctua­ little or no adverse effect on the 
tions of 3 metres (10 feet) between reservoir. Extraction of more ground 
spring and fall each year in all cells. water would increase the range of fluc­
Hydrographs of wells being monitored tuation of the ground water surface and 
show that the water level generally would provide more available storage 
fluctuates within that range. capacity for recharging water. If 

extractions are increased, additional 
This fluctuation represents a total monitoring wells will probably be needed 
volume of 62 000 cubic dekametres to delineate the ground water surface 
(50,000 acre-feet) of ground water every near the margins of the subbasins so 
year. Under present conditions, it that long-term effects can be 
possible to extract more ground water evaluated. 

Table 4 

SUMMARY OF GROUND WATER STORAGE CAPACITY 

Number Total Fall of 1980 
Ground Water Basin Permeable of Wells Storage Saturated Aval1a1l1e 
and Subbasin Area in Area Caeacitl Storage Storage 

Ihectares) 
(cubic 

dekametres) 
(cubic 

dekametres) 
(cubic 

dekametres) 

Cloverdale (Nodes 1-13) 2 300 180 88 000 68 000 20 000 
Alexander Area (Nodes 14-56) 
Alexander Valley Subtotal 

8 100 
10 400 

600 
780 

940 000 
1 028 000 

675 000 
743 000 

265 000 
285 000 

Healdsburg Area (Nodes 57-95) 7 700 830 603 000 481 000 122 000 

Totals 18 100 1 631 000 1 224 000 407 000 

0 -- "­
lacres) (acre-feet) Iacre- feet) Iacre-feet) 

Cloverdale (Nodes 1-13) 
Alexander Area (Nodes 14-56) 
Alexander Valley Subtotal 

5,700 
20,100 
25,800 

180 
600 
780 

71,000 
762,000 
833,000 

55,000 
547,000 
602,000 

16,000 
215,000 
231,000 

Hea I dsburg Area (Nodes 57-95) 19,000 830 489,000 390,000 99,000 

Totals 44,800 1,322,000 992,000 330,000 
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FIGURE 11 
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Chapter 5. WATER QUALITY 

The quality of a wate resource is as o 	 Can decrease the permeability of soils 
important as the quan ity. To assess with moderate to high clay content, 
the quality of the gr,und water in the causing poor soil drainage. 
study area, chemical analyses of water 
fr~ wells in the are were compiled. The adjusted sodium adsorption ratio 
Water quality data fr>m Department of (aSAR) has been developed as a means of 
Water Resources files for 16 wells in indicating the extent of the above 
Alexander Valley and from 2 wells in the problems. Previous guidelines for 
Healdsburg area are shown in Table 5. sodium used the SAR rather than the 
The significance of s>me of the consti­ aSAR. The new guidelines (aSAR) 
tuents present in the water is discussed recommend a lower concentration of 
in the following sectLons. sodium than the previous guidelines. 

Irrigation water will cause some soil 
Dissolved Sodi:nn and aSAR* binding in soils containing clay if the 

aSAR value is 6 or more and will cause 
Sodium is a very acti~e metal that does severe drainage problems when the aSAR 
not occur free in nat~re. Most sodium value is 9 or more. 
salts, such as sodium chloride or table 
salt, are extremely spluble in water, Ion toxicity from root absorption 
and most natural wate~s contain measur­ problems increase as the aSAR exceeds 3; 
able amounts of these salts. severe problems occur when the aSAR is 

greater than 9 (Ayers and Branson, 
There are some indications that higher 1975). Ion toxicity from foliar 
concentrations of sod~um in drinking absorption problems increase as the aSAR 
water may be harmful to people with exceeds 3 and becomes severe when 6 or 
heart, kidney, or cir~ulatory diseases. more. Foliar absorption limits are 
However, the levels of dissolved sodium important when sprinklers are used for 
that cause these problems have not been irrigation or frost control. 
firmly determined. No drinking water 
standard for sot;jil1ll) , has been Most of the wells studied had relatively 
established. . low aSAR values. Sixteen (89 percent) 

had values less than two. One well 
Sodium is required in limited amounts (10N/9W-32Rl), which is 75 metres 
for most plant growth, but irrigation (245 feet) deep, had aSAR values in the 
water with high concentrations of sodium range of 5.18 to 5.66. That well is 
in relation to calcium and magnesium can probably in the Dry Creek Conglomerate 
cause two problems. High concentrations Formation. Another well (9N/8W-7Ql), 
of sodium: which is 149 metres (490 feet) deep, 

had aSAR values that ranged from 13.31 
o 	 Have a toxic effect on most tree crops to 16.77. Most, if not all, of that 

and woody ornamentals, either through well is drilled in the Glen Ellen 
foliar absorption or root absorption. Formation. 

*aSAR calculations were based on the procedure developed by Ayers and Branson, 
University of California Cooperative Extension, January 1975 "Guidelines for 
Interpretation of Water Quality for Agriculture". 
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Table 5 


GROUND WATER QUAlITY OF AlEXANDER VAlLEY AND HEAlDSBURG AREA 


Date EC Dissolved ~ineral Constituents m /l 
Sampled .SAR ~ ~ • • -3 --""-3 -, _3 

W.ll 90/8W-7QI {De2th 149 metres! 490 feet} 

7/--/58 583 3.2 15.52 1.0 3.0 131 '.9 16 308 0 '1 0.0 0 0.34 ••• 9/·-/59 588 8.' 15.66 '.8 1.2 13. 6.2 17 292 11 38 1.0 0.2 D.• 
9/··/60 611 8.5 16.28 '.0 1.0 138 '.0 15 2'3 35 '2 1.0 0 0.42 
8/21/61 551 8.3 13.31 3.7 2.2 118 5.0 18 287 0 33 0.0 0.5 0.32 
9/19/61 586 B.8 15.11 3.6 1.0 132 '.0 13 270 22 38 1.0 1.0 0.40 '16 
9723/6. 583 7.6 15.69 2.6 1.3 132 5.' 12 306 0 36 1.0 0.3 0.3 '25 
8/31/67 623 8~6 16.77 2.8 2.2 I•• 16 298 7 40 0.5 
7/08/69 581 8.5 15.79 •. 1 0.7 130 5.8 13 299 12 18 0.5 1.2 0.5 '02 
7/16/70 577 B.2 15.46 3.8 1.6 132 16 311 0 39 
7/25/73 593 7.7 15.'1 128 12 313 0 35 
6/12/75 570 8.1 14.41 125 17 300 0 36 
8/09/78 580 8.2 16.40 139 12 36 
7/16/80 589 8.2 15.63 2 2 132 5.3 13 37 0 0.0 0.5 436 

W.ll 90/9W-IKl (Oe~th 124 metres; 407 feet! 

6/12/75 347 7.7 0.78 26 23 12 0.7 162 193 0 6.0 18 2.' 0.0 209 
8/03/77 298 7.9 0.97 14 122 172 0 6.7 
7/29/80 300 8.3 0.94 22 18 14 0.7 129 6 

Well 90/9W-IPI (De2th 27 metres; 90 feet! 

1/08/57 '13 7.6 0.85 '8 20 13 1.0 203 255 0 8.5 5.8 0.1 1.3 
7/--/58 356 8.1 0.72 28 24 11 0.3 169 191 0 11 I. 10 0.10 274 
9/--/59 311 8.3 0.80 25 19 12 0.8 141 172 4 '.8 11 4.8 0.0 
9/'-/hO 334 3.2 0.81 21 23 13 1 143 170 0 14 13 1 0.0 
9/--/61 304 8.0 0.67 19 23 10 0.7 14. 175 0 6.2 12 2.1 0.09 
9/19/63 272 7.7 0.83 17 19 13 0.8 122 IS. 0 9.0 5.0 5.0 0.0 179 
9/07/66 .20 8.6 0.57 35 28 9.2 205 182 12 8.0 0.1 
7/12/68 '03 8.5 0.59 33 28 9.4 199 20' 6 5.0 0.0 
7/08/69 333 8.2 0.52 28 2' 8.0 0.5 167 194 0 4.3 18 4.2 0.1 150 
7/16/70 360 7.8 0.48 30 24 7.6 176 183 0 6.' 
7/26/73 388 3.1 0.58 30 26 9.2 0.6 184 192 0 6.2 28 9.B 0.0 215 
6/23/76 362 8.3 0.59 9.2 18. 205 0 6.2 
8/09/78 351 8.2 0.71 11 166 '.6 

Well 9N/IOW-ICI ,Depth 64 metres! 209 feet} 

7/--/58 222 7.8 1.40 12 12 19 0.7 79 128 0 7 3 0 0.0 16. 
9/--/59 20' 8.0 1.28 14 9.0 18 0.6 72 12. 0 5.5 1.0 0.0 0.0 
8/--/60 225 8.' 1.43 I. 11 20 1 77 101 12 10 4 0 0.11 
9/ --/61 216 7.8 1.29 15 9.1 18 0.8 75 129 0 6.8 0.0 0.2 0.02 
9/06/66 208 8.3 1.23 13 12 18 80 116 0 50 0.0 
9/06/67 215 8.6 1.26 14 9.7 18 75 112 6.' 0.0 •7/30/68 212 8.1 1.25 13 10 18 74 117 0 6.7 0.1 
7/08/69 208 8J. 1.21 12 10 17 0.5 II 121 0 6.9 2.1 0.0 0.0 175 
7/16/70 20' 7.9 1.35 13 9.' 19 II 118 0 6.8 
7/26/73 208 7.5 1.14 16 II 119 0 6.3 
6/12/75 208 8.0 1.20 17 71 117 0 7.5 
8/04/77 230 8.3 1.44 20 73 127 0 8.9 
7/12/79 232 8.2 1.42 I. 10 20 0.7 76 (103)T 8 6 0.0 0.0 172 

Well 9N/I0W-ILI {Depth 64 metres; 209 feet} 

9/19/63 539 8.5 0.79 29 51 13 0.6 283 298 11 10 17 17 0.1 333 

Well 10N/9W-18Bl {Depth 55 metres; 180 feet} 

8/10/72 306 7.9 1.09 20 16 17 0.3 118 125 0 12 18 22 0.0 187 
8/08/7' 288 7.0 1.02 16 115 119 0 9.' 
8/03/77 431 8.3 1.00 16 228 253 0 9.5 
7/16/80 3D' 7.2 1.00 23 14 16 D.' 115 110 II 

Well 10N/9W-1BNl ~Oe~th 20 metresi 66 feet) 

6/23/76 3.5 8.5 1.02 26 20 16 0.6 147 151 0 7.6 38 9.0 0.1 228 
8/09/78 373 8.2 1.05 17 IS. (120)T 6.0 

Well 10N/9W-1BRI {Oepth 4.3 metresi 14 feet) 

7/--/58 336 8.0 0.56 32 22 9 0.7 169 20. 0 5 6 2 0.7 25' 
9/--/59 297 8.1 0.56 29 18 8.' 0.9 1.6 170 0 '.8 13 5.3 0.5 
9/19/63 329 8.6 0.55 31 22 8.5 0.7 170 170 10 6.5 13 5.6 D.' 202 
9/23/64 292 8.5 0.56 3. 14 8.5 1.2 1'1 150 8 '.5 13 0.2 D.' IS. 
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Table 5 (continued) 

Date 

~ 
[C 

(pS/CM) _SAl! ca 2!L N_ Dissolved "ineral Constituents {M9/~ 
8 

Well lON/9W-26l1 (Depth 98 metres; 320 feet) 

7/--/58 
9/--/59 

/62 
9123/6' 
8/03/65 
9/07/66 
8/31/67 
7/12/68 
7/08/69 
7/16/70 
8/08/7' 
6/23/76 
8/09/78 

502 
479 
513 
527 
563 
566 
622 
625 
568 
578 
672 
597 
639 

B.4 
8.5 
8.4 
B.5 
B.7 
8.7 
8.6 
8.3 
8.6 
8.3 
8.1 
8.2 
B.1 

0.80 
0.73 
0.74 
0.67 
0.77 
0.71 
0.70 
0.75 
0.66 
0.65 
0.66 
0.75 
0.62 

28 
2B 
29 
22 
29 
32 
3' 
33 
30 
31 

45 13 0.3 256 
47 12 0.3 263 
47 12 0.' 265 
53 Il 0.0 274 
52 13 286 
53 12 299 
55 12 313 
55 13 311 
57 Il 0.5 309 
56 Il 307 

12 346 
13 311 
11 331 

281 10.5 
278 14 
300 6 
275 16 
28' 14 
282 17 
301 13 
320 a 
310 18 
32' o 
292 a 
304 a 

(2'5)T 

14 
5.8 
8.3 
7.0 
8.6 
9.7 
8.7 
8.6 
8.0 
9.7 
7.7 

11 
6.1 

11 
11 
12 
16 

32 

14 
13 
13 
13 

19 

0.01 
0.0 
0.17 
0.5 
0.1 
0.1 
0.1 
0.0 
0.1 

384 

325 

307 

Well lON/09W-l6t2 (Depth 12 metres; 40 feet) 

7125/73 
6/12/75 
8/03/77 
7/16/80 

535 
538 
45' 
54. 

8.0 
8.0 
8.1 
7.6 

0.62 
0.67 
0.65 
0.69 

30 

31 

44 11 0.1 258 193 
12 268 204 
11 256 242 

45 12 0.2 263 218 

a 
a 
a 
a 

10 
15 

8.4 
16 

73 37 0.1 322 

Well lOH/9W-32Rl (Depth 75 metres; 245 feet) 

7/--/58 
9/--/59 
9/--/60 

457 
506 
457 

8.1 
8.2 
8.3 

5.18 
5.29 
5.66 

36 
37 
20 

10 69 0.7 130 
7.9 70 3.4 125 

10 71 1 B9 

294 
289 
234 

a 
a 
a 

15 
12 
13 

16 
24 
25 

o 
1.6 

a 

0.62 
0.4 

a 

364 

Well lON/9W-3301 (Depth 30 metres; 98 feet) 

8/09/72 
8/08/74 
6/23/76 
7/12/79 

2B8 
30' 
310 
32. 

7.9 
7.9 
8.1 
8.2 

0.73 
0.78 
0.84 
0.68 

18 

21 

20 11 0.3 128 
12 137 
12 141 

22 11 143 

150 
155 
162 
161 

a 
a 
a 
o 

8.3 
7.6 
8.0 

8 

13 7.7 0.0 162 

Well lON/IOW-IZGI (Depth 10 metres; 33 feet) 

6/12/75 
8/03/77 
7/16/80 

387 
3B' 
.55 

7.8 
B.2 
7.5 

0.56 
0.52 
0.69 

33 

40 

27 8.8 0.8 193 
8.7 218 

31 11 0.9 228 

236 
199 
268 

a 
a 
a 

0.0 
8.2 

5 

12 !.l 0.2 219 

Well 10N/IOW-I3KS (Depth 52 metres; 172 feet) 

8/08/74 512 8.3 1.63 44 27 25 0.7 220 309 a 3.8 15 1.6 0.1 313 

Well lIN/lOW-BPI (Depth 9.1 metres; 30 feet) 

8/09/72 
8/08/74 
6/23/76 
8/09/78 
7/16/80 

419 
359 
38' 
421 
353 

7.9 
8.0 
B.l 
B.2 
7.5 

0.62 
0.62 
0.69 
0.66 
0.56 

28 30 10 0.2 192 
9.8 168 

11 187 
11 199 

25 25 9 0.6 166 

177 
164 
189 
174 
163 

a 
a 
a 
a 
a 

B.8 
6.2 
7.2 
8.1 

6 

40 18 0.4 25. 

Well lIN/IOW-28Nl (Depth 5.8 metres; 19 feet) 

7/--/58 
9/--/59 
9/--/61 
9/19/63 
9/23/6' 
9/08/69 
7/15/70 
8/08/74 
6/23/76 
7/12/79 

387 
399 
36' 
366 
305 
318 
388 
440 
454 
386 

B.1 
8.11 
8.1 
8.3 
7.7 
B.2 
8.2 
B.2 
8.2 
B.l 

0.78 
0.71 
0.62 
0.64 
0.57 
0.61 
0.62 
0.64 
0.75 
0.70 

47 17 12 0.7 189 
47 20 11 1.0 199 
43 17 9.4 1.0 178 
.4 18 9.8 1.0 183 
28 18 B.5 0.9 144 
32 16 9.2 1.3 148 
45 21 9.6 198 

10 222 
12 23. 

44 18 11 1.0 184 

235 
246 
222 
222 
180 
181 
233 
267 
270 
204 

o 
o 
o 
2 
a 
o 
a 
a 
a 
a 

12 
8.4 
4.6 
7.5 
'.2 
4.9 
7.6 
4.8 
9.1 

9 

9 
12 

9.4 
12 

1.0 
17 

23 

o 
0.2 
0.6 
1.4 
0.3 
0.5 

4.0 

0.35 
0.2 
0.29 
0.3 
0.4 
0.3 

0.8 

304 

229 
194 
161 

228 

Well 11N/IOW-33Al (Depth 6.1 metres; 20 feet) 

7/--/58 
9/--/59 
9/--/61 
9/19/63 

266 
248 
229 
379 

7.5 
8.2 
7.8 
8.4 

0.81 
0.75 
0.62 
1.59 

23 
24 
22 
31 

14 
12 
12 
21 

12 
11 

9.2 
24 

1.0 
1.4 
1.2 
1.5 

115 
III 
103 
165 

147 
144 
13. 
206 

o 
a 
a 
5 

13 
7.5 
4.6 

18 

5 
9.0 
5.1 
9.0 

o 
0.6 
0.8 
0.9 

1.15 
0.6 
0.67 
4.2 

204 

298 

Well IlN/IOW-33Gl (Depth 5.3 metres; 18 feet) 

7/--/58 
9/--/59 
9/--/61 
9/19/63 
9/23/64 
8/03/65 
9/06/66 
8/31/67 
7/12/68 
7/27/71 

239 
183 
199 
178 
19. 
192 
185 
201 
199 
193 

7.6 
7.0 
6.9 
B.1 
6.6 
7.0 
7.7 
7.6 
7.8 
7.0 

1.07 13 8 18 1.0 65 63 a 
0.76 9.2 6.3 16 0.6 49 40 a 
0.82 10 B.3 IS 0.9 59 55 a 
0.77 9.6 6.3 15 1.6 50 47 o 
0.78 11 6.0 14 0.7 52 55 a 
0.87 11 7.4 16 58 54 a 
0.84 14 B.3 16 69 50 a 
0.95 12 8.3 16 64 63 a 
0.98 12 6.3 17 56 61 a 
0.81 11 7.4 14 58 62 a 

30 
24 
21 
1B 
17 
17 
20 
18 
18 
19 

7 
4.0 
4.4 
3.0 
1.0 

11 
14 
20 
25 
14 

0.80 
0.0 
0.07 
0.1 
0.1 
0.0 
0.0 
0.2 
0.1 

16. 

138 
130 

• 
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Dissolved Chloride 

Chloride is the ionized form of the 
element chlorine, and is present in 
nearly all natural waters. It may come 
from natural mineral origin, from sea 
water intrusion, from leaching of agri­
cultural salts, animal sewage, or indus­
trial wastes. Chlorides in drinking 
water are not harmful until very high 
concentrations are reached. Restric­
tions are based on taste preferences. 
The recommended maximum concentration of 
chloride ion in drinking water of 
250 mg/L (see Table 6). 

Deciduous tree crops are sensitive to 
chlorides in irrigation water when 
applied by sprinklers, with increasing 
leaf damage occurring in the concentra­
tion range 142 to 355 mg/L. These prob­
lems become severe when concentrations 
are greater than 355 mg/L (Ayers and 
Branson, 1975). 

Water in the wells studied contained low 
levels of chloride. The highest 
chloride concentration was 50 mg/L, and 
water from 15 wells (83 percent) had 
chloride concentrations less than 
20 mg/L. 

Total Dissolved Solids 

Total 	dissolved solids (TDS) is a mea­
sure of the various minerals dissolved 
in water. DrinKing 'water with a high 
TDS is likely to have an unpleasant 
appearance, taste, or odor. An upper 
level 	of 1,000 mg/L TOS has been estab­
lished in the secondary drinking water 
standards (see Table 6). The maximum 
concentration of TDS in the wells 
studied was 444 mg/L; the minimum was 
130 mg/L. 

Electrical Conductivity 

Electrical conductivity (EC) is a 
measure of the ability of water to 
conduct electricity. This parameter was 
formerly called specific conductance. 

Dissolved Nitrates 

Nitrates are introduced into ground 
water by leaching and percolation of 
aerobically stabilized organic nitrogen, 
applied fertilizers, sewage from leach­
fields, and the fecal materials of 
livestock and poultry. Waters used for 
domestic purposes are considered unsafe 
for infants when the nitrate concentra­
tion exceeds 45 mg/L, which can cause 
methemoglobinemia, or oxygen deficiency, 
in infants. 

None of the wells studied in Alexander 
Valley or the Healdsburg area produced 
water with nitrate levels exceeding 
45 mg/L. The highest nitrate concentra­
tion was 37 mg/L, and 15 wells (83 per­
cent) had concentrations lower than 
20 mg/L. 

Table 6 

MINERAlIZATION. SECONDARY DRINKING WATER STANDARDS 

Constituent and Units 

Maximum level 
Recom-
mended ~ 

ShOrt 
Tem 

Total Dissolved Solids 
(mg/L) 

500 1,000 1,500 

or 

Specific Conductance 
(micros iemens) 

900 1,600 1,200 

Chloride (mg/L) 150 500 600 

Sulfate (mg/L) 250 500 600 

Source: 	 lltle 22. cailfornla Aam,nlstratlve Code. 

Chapter 15. Article 8. Section 64473. 


As the amount of dissolved minerals 
increases in water, so does 
conductivity. Therefore, this test is 
used as an indirect measurement of total 
dissolved solids. The conductivity of 
distilled water is nearly zero. The 
secondary drinking water standard upper 
limit for EC is i 600 microsiemens per 
centimetre (uS/em) (see Table 6). For 
the wells studied, the maximum EC found 
was 672 uS/em and the minimum was 
178 uS/em. 
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Dissolved Boron 

Boron in drinking wat r is not generally 
regarded as a health azard. Concentra­
tions up to 30 mg/L h ve not been 
harmful to humans. A though a minor 
constituent of most w ter~ boron is 
extremely important i agriculture. 
Small amounts of boro are essential to 
plant growth, but exc ssive amounts are 
harmful. Some of the plants most,
sensitive to boron ar citrus, grapes, 
apples, and walnuts. Boron concentra­
tions below 0.5 mg/L re satisfactory 
for all crops, and a oncentration of 
0.5 mg/L is usually n t harmful (Ayers 
and Branson, 1975). 

High boron concentratOons can be caused 
by: 

o 	 Household products rcolating from 
septic tank leachfi Ids. 

o 	 Connate waters. 

o 	 Water rising from eat depths along 
fault zones. 

o 	 Volcanic activity. 

o 	 Sea water intrusion 

o 	 Buried soil horizon containing boron 

salts that contamin te percolating 

ground water. 

Six of the wells~(33~ ercent of the 
total) had boron leve s greater than 
0.5 mg/L at least one of the times they 
were sampled; however five of these 
wells had boron conce trations less than 
0.5 mg/L at other tim s. 

The sixth well (llN/l W-33AI) had boron 
concentrations that r nged from 0.6 to 
4.2 mg/L. This well as shallow, 
6 metres (20 feet), a d would, there­
fore, be fairly susce tible to pollution 
by septic tank leachf elds or wastes 
discharged to the nea by ground 
surface. 

Dissolved Hardness 

Hardness, a measurement of the soap­
neutralizing capability of water, is 
caused primarily by the presence of 
calcium and magnesium ions. The detri­
mental effects of hardness are excessive 
soap consumption and formation of scums 
in laundering; toughening of vegetables 
cooked in hard water; and formation of 
scale in hot water heaters, boilers, and 
pipes. Hard water also contributes to 
increased detergent consumption, but 
without the formation of scums. Scale 
is formed by precipitation of calcium 
and magnesium bicarbonates, resulting in 
the formation of insoluble carbonates on 
the heated interiors of pipes and water 
heaters. Drinking hard water appears to 
have no harmful effects. 

Hardness values are expressed as 
milligrams per litre (mg/L) of calcium 
carbonate. These values indicate the 
amount of dissolved calcium carbonate 
necessary to give a degree of hardness 
equivalent to the water being tested. 
The maximum concentration of hardness in 
wells in the study area was 346 mg/L; 
the minimum concentration was 12 mg/L. 

Most ground water in the study area may 
be classified as moderately hard to 
hard, according to the following Depart­
ment of Water Resources classification 
system: 

Hardness as Relative 
mg/L CaC03 Classification 

o ­ 100 Soft 
101 - 200 Moderately Hard 

>200 Hard 

pH is a measure of the hydrogen ion 
concentration of a solution. It is 
important because the pH of water 
affects its taste, water treatment 
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processes t chlorination efficiencYt and 
corrosiveness. A pH value of 7 is 
neutral, values less than 7 are acid, 
and values greater than 7 are alkaline. 
The pH values for the wells sampled 
ranged from a maximum of 8.8 to a 
minimum of 6.7. Water with pH values in 
that range should be satisfactory for 
most uses. 

Surface Water Quality 

There are two major streams in the study 
areas. The Russian River runs through­
out Alexander Valley and through the 
lower portion of the Healdsburg area. 
Dry Creek runs through the upper portion 
of the Healdsburg area. 

Many of the wells studied were drilled 
in the alluvial deposits near one of 
these streams. These alluvial deposits, 
and possibly some of the other geologic 
formations, receive recharge water from 
the two streams. It is likely that the 
water quality of the streams has a 
significant effect on the ground water 
quality of the two study areas. 

The Department of Water Resources 
started sampling the Russian River near 
Healdsburg in April 1951. Mean values 
(not weighted for flow) were calculated 
by the U. S. Geological Survey for the 
114 samples collected from April 1951 
through September 1962. Their calcu­
lated means are ~sboWn below: 

Sodium 	 9.14 mg/L 
Bicarbonate 	 134 mg/L 
Chloride 	 5.82 mg/L 
Boron 	 0.73 mg/L 
EC 	 244 uS/cm 
Hardness (as CaC03) 110 mg/L 

A 	flow-weighted mean EC for the same 
station, calculated for January 1961 
through November 1966, was 147 uS/cm. 

The U. S. Geological Survey began 
sampling Dry Creek below Pena Creek in 
October 1970. Mean values (not weighted 
for flow) were calculated for some of 
the data generated at this station for 
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October 1970 through June 1975. These 
means are tabulated below: 

Sodium 10 mg/L 
Bicarbonate 121 mg/L 
Chloride 4.8 mg/L 
Boron 0.26 mg/L 
EC 224 uS/em 
Hardness (as CaC03) 110 mg/L 

Well OWners' Perceptions 

To determine well owners' opinions of 
their ground water quality, Sonoma 
County Water Agency mailed question­
naires in 1977 to all property owners in 
Sonoma County who were not served by a 
municipal or mutual water system. The 
questionnaire requested information on 
taste, odor, and color of ground water. 
The responses were grouped according to 
assessor's parcel books (Figure 12). 
Within each parcel book area responses 
were separated according to well depth: 

o 	 Shallow wells, 0-46 metres 
(0-150 feet) deep 

o 	 Intermediate wells, 46-107 metres 
(151-350 feet) deep 

o 	 Deep wells, greater than 107 metres 

(350 feet) deep 


Within each depth range, the number of 
wells with each of the following prob­
lems was tabulated: taste, odor, color, 
other problems, and none (no problem). 

Since a single well could have more than 
one problem, two other tabulations were 
added: (1) taste, odor, or color; and 
(2) taste, color, or other. Responses 
to the questionnaire are tabulated on 
Table 7. 

The most common complaints were color 
and taste. Color in water can be caused 
by excessive iron and manganese. 
Unpleasant taste can be caused by exces­
sive hardness, salinity, sodium, iron 
and manganese, or sulfides. Unpleasant 
odor can be caused by excessive iron and 
manganese or hydrogen sulfide. 



FIGURE 12 

QUESTIONNAIRE DISTRIBUTED BY SONOMA 
COUNTY WATER AGENCY IN 1977. 
QUESTIONNAIRE REQUESTED INFORMATION ON 
TASTE, ODOR,AND COLOR QUALITY PROBLEMS. 

LEGEN 

QUESTIONNAIRE N T DISTRIBUTED 

BECAUSE MOST H USEHOLDS 

SERVED BY IMPO TED WATER. 


ASSESSOR'S PAR EL BOOK 
79BOUNDARY. SURV Y RESULTS ARE 


SUMMARIZED BY PARCEL BOOK. 


110 

THE ItESOUR ES "GENCY STUDY AREA 
DEPARTMENT OF W TER RESOURCES BOUNDARY 

CENTR... I- ,STRICT CONTOUR INTERVAL 60 METRES 
(200 FEET)

ALEXANDER VALLEY A 0 HEALDSBURG AREA 
UNO WATER STUDY 

KILOMETRES 
o 2 3 4 5 

3WATER WELL UESTIONNAIRE o 2 •
MILES 
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Table 7 


WATER WELL QUESTIONNAIRE RESPONSES 

-----------------------------------------------.---------------------------.-----.-----------.-.----.--------------------------­
'SSESSORS PARCEL BOO~ ~O. -------------------- ~U"BER OF R~SPON';;fS WITH t~otCATfO QUALITY PRuPLE~ -------------------­
QUALITY PROBLEM SHALLOW WELLS r'HEP:~t:DlATf WHL';; OEEP "ELLS NEllS WITH ';;U~"ARY 

O-ISO FT ISI-3S0 FT > 3Si) FT DEPTH UNI(NClW'" ALL WELLS 

TASTE 1 o 1 Z3 
ODOA. ",. , • 11 '9 
COLOR 1 o Z2 
OTHE'I. " 1 o • ,. 
tfO'iE "Z5 11 o 13 .. 

o ,. ..TASTE, COOR OR LOLOR 
TASTf9 ODOR, LOlOR OR OTHE~ " • o ,. 

~Uw8fR Of WEllS TN SU~VEY '9 101 
" o " 

42.1 2b.1. 5S.2 7 
~ WELLS WITH I.O.C.X QUALITY PRO~lf" Sb.l~ U ...1t N" ~., .Z7 SI.S't 
X WELLS WITH T.G.e QUALITY PR09LE~. " ~ " ." 43.60";: 

ASSESSORS PARlEt BOOK ~O. ,. -------------------- ~U~SER OF qESPQ~S£S WITH INDICAlED QUAl 1 TV PRO~lE~ -------------------­
OUALITY PROBLEM SHALlOIf WELLS INTER~EDIATf "'ELLS DEEP WELLS WEllS wITH ~Uf'I"'''R;y 

0-lSI) FT 1'51-30;0 FT > 3';0 fT 'lEPTI-I ')"'"',.,001" All WHLS 

TASTE 9 
OO')R " ,, o 

o 1 " 
COLOR ,." , 31 
nlHEP 10 , •• "3 1. 
'-Io",e 1 1<.. , ,. 

'0 

TASTE, DOOR OR eClOR Z3 " 13 ,.•
TASTE, ODOR, (OLOR OR OTHER 31 5 o 15 51 
NU~BER OF WEllS 1~ SURVEY 15 1 31 
~ WELLS WITH T,O.( QUALITY PR08lE~ 30_7~ .')t 41.9't '" 31.2':: 
% WEllS wiTH T.O.C,X UUAlITv PROBLEM 41.3' 411.4'1. 40.B~.0, 

ASSESSORS PARCEL BOOK NO. ., -------------------- ~~eE~ OF REspnNSES WITH I"IOICATEO QUAlI'TV P~CPl~'" -------------------­
QUALITY PRO~LEM SH~LlOW WELLS INTER~EOI~T€ WELLS OEEP WELLS WELLS WIT~ $UMM.R;V 

1)-1';0 FT 1'51-350 fT > 3':>0 £T '-'EP1H tJN"'NnOj~ ALL WELLS 

TA'iTE ZI IZ 5 
(1001£ l' , ,, , " ?9 
(OlOP ,. , '9", •
cn.fER 1 1 
NONE H" , '0 '1" ,TASTE, ODOR ~R COLOR " H 1 ., 
TASTE. COOR. COLOR OR OT~ER 3. 19" 5 , '1 
"IU"'BER OF .... EllS Jr.; SUkVE:Y 73 H " 142 
~ WEllS WITH 1.~.C QUALITY PROSLfM 4<;.Z:; .,... ';'1; "'>.(;'1' .... 4 ... <t 
• WEllS WITH T.O.C.X QUALITy PRORlE~ S3.4~ S1.b1 Z6.b": 50.;)!: 

ASSESSORS PARCEL BOO~ "10. .. -------------------- NU~b€R OF RESPONSES WITH INOl(.tEO QU.lITY PI'I:O!'<LEJIII ----------------____ 
QUAL TTY PR09LEM SHALLOW IfELL';; I~TER~EOIAT£ WEllS DEfP wfllS .. EllS .. TTY :SU~"'AR;V 

a-ISO FT ISI-35C FT > 3'>0 FT C'EPT" UNrNn",,, ALL WELLS 

TASTE ZI , , 

O~R 1
, • " 
(OlOR .-" 2 

•o ",.
('OTHER o ,• Z1 
NONE .," •1 ,.1 110 
TAS1E. ODOR OR COLOR , 10 <1 
TASTE. ODOR. COLOR OR 01YEQ ., " , l' ., 

~U"3fR OF WELL S 1"1 SURVEY .-114 , 

~ WELLS W}TH T,O.C QUALITY PRO~lEr 6ob.lt " 1"
2S.81 26.61; 
% WELLS WIT~ T.O.C.X QUALITY PROBLEM )3 .. 91 be-.T1 "Z.9": 

ASSESSORS PARCEL BOO~ NO. 18 -------------------- ~U~eER OF PESPONSfS WITH t~DI(.TEO QUALITY P~OBLF'" -------------------­
(JUAlITV PRDBlE"! ">HAllOW IfEllS INTfR~EOIATE WEll"> flEfP WFllS wELLS WlTH ';;U ...... IH 

0-IS~ FT 151-3<;0 FT > 350 £1 DEPTH UN~NOW" ALL ~ELLS 

TASTe o , ,. 
000'1. 

• • , lZ 
CCOLOR • ,.• •

1 , 
OTI-IER 3 1 1 , ", 
~W"E o• '" • "TASTE. ODOR OR CalOR 11 1 ,•TASH. COOR. COLOR 01" OTHER IZ 1 1 " 
NU"IBER OF WELLS 1'-j ,,>U;(VEY " 1 11 " 
~ WELLS _ITH 1.0.C QUALITy P~O~LE" 50 ".. 0~ " 100.0% 46.';""1.2:t 
,. WEllS· WITH T.O.'::.X CUALIlY PI'I:(jl'olFM b"''' 1:;. 50.0t 101)."1. 51.b't 

AS';;ESSORS P.RUl spot<: NO. W17H pmlCATEO QI)ALI TY PROl'\l!: 1'1 -------------------­81 -------------------- ~UMBEK OF RE~PONSfS 
CUALIlY PRO~LE~ SH.lLOW WELLS INTERMEDIAtE WELLS I)Efp W~llS WEllS wiTH SU..... ARY 

0-IS0 FT ISl-3~0 fT > 3<;0 f'T DEPTH UN~N0w~ ALL W~lLS 

1"A';;T'" o 
ODOR o 
(OLOR o o•aTI-IER o o 
>':ONE c o o o 
TASTE. ODOR OR (0LOR o o , , 
TA';;1E. OOO~. (OLDR OR OT~ER 

• 
•• o , , 

NU"SER OF W~LlS IN SURVEY • o , , 
~ WELL"> WITH T.O.( QUALITy P~Ol\l~" N/' 100.ot 100.0'N'. ." 
~ WELLS 101111-1 T.O.C.lI: QUALITY rR09L~". ." N" N/' 100.0:t 100.1)::t 

ASSES">OR"> PAI'I:(EL ~OO~ NO. -------------------- Nu~eER OF RESPONSES WITH INDICATED QUAlITV PPOBLEM --------------------
OUAlttY PROBLEM " SHALLOW WELLS INTER~EOIATE WELLS OEEP wELLS .ELLS wiTH SU"~.RV 

0-1';~ ~T 1'51-3~0 fT > 350 FT DEPTH UN~N"_Pi ALL .. ELLS 

TASTe ,10 

,• 
3 o 

•ODOR 3 o o " 
COLOR 2 n 11 
(,TI-'ER 5 C C , 
NONE • 1 1 

TA';;TE. aOOR n~ COLOR 5 o "ZO 

~AST~. GOOR. (OLOR UR OTHEq " C 

NU"BER OF WELL"> IN SURVEY Zl" ,• 1 ,. " 
.0,~ WEllS WITH T.O,( QUALITY PROBLEM bl.Q~ !'Io.o:;. '>8 .. 6't 

~ WEllS WITH T.O.C.x QUALITy PROBlF~ 11.4~ !lO .. O~ 64 .. T't
.0. 
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Table 7 (Continued) 

ASSESSORS PARCEL BOOK NO. -----------------" --- NU~a£R OF RESPONSES WITH tHOlCHED QUAlITY PRO~H'" --------------'-----­
DUALITY PROBLEM SHAllOW WEll.S INTERMEDUTE- WELLS DEfP WEtLS WEllS WITH SUM".IAY 

0-150 Fl 1'51-3'50 FT ) 3~0 FT ~EPT~ UNKNOW~ ~lL WELLS 

T.lSlE 
ODOR 

o 
o 

2 
1 

o 
o 

2 
1 

• 
2 

tOLOR o 2 o o 2 

OTHER 
NONE 
TASTE. ODOR OR COLOR 
TASTE. ODOR. COLO~ OR OTHER 
NU~8ER OF WELLS IN SURV~Y 
~ WELLS WIT~ T.a.c QUALITy PRO 
1; WELLS WITH T.O.L.X QUALITY P 

lEM 
O'lEM 

o 

"o 
o ,. 

.0' .'" 

2 
3 
3 , ,

31.5¥ 
62.5~ 

o ,
o 
• •N"N" 

1 
2 
2 
3 , 

.r.O.ut 
60.0¥ 

3
21,,

11.2~ " 
27.t>¥ 

---~--------------------------
ASSESSORS PARCEL 
DUALITY PR08LE~ 

BOOK ~O. 07 --------
SHAllOW 

---------
WELLS 

--- ~U~BEK OF RESPONSES 
JIlfTHVtEOlATE WELLS 

WITH IN01(.ATEO (j'JALI1Y PROflLEM ------------------­
OEFP WELLS WELLS WllH SUwMAKY 

O-15n FT 151-3'500 fT ) 3'50 FT DEPTH UNKNOW~ All WELLS 

TASTE 
ODOR 
COLOR 
OT~~R 

o 
o 
o 
o 

o 
o 
o 
o 

o c • o o• o•o o o
NO~E 

TASTE. ODOR OR COLOR 
TASTE. GOOR. (OLOK OR OTHER 
NU~~ER OF WELLS IN SURVfV 
¥ W~LlS WITH T.O.C QUALITY PRO 
¥ WELLS WITH I.O.C.X QUALITY f 

LEI'! 
O~LEM 

1 
o 
r 

o 
o 
o 
o 

VA 
." 

o 
• o 
o 

N/o 

N" 

1 2 
o o ,v 
1 1 

.C' .,' 

.01 .01 

AsseSSORS PARCEL SOaK NO. .. 
QUALI'Y PROBLEM 

-------
SHAllOW 

(1-150 

---------
w~tlS 

FT 

---- NUMtER O~ RESPONses 
INTERMEDIATE WELLS 

1''>l-3'>C fT 

WITH tHOICHEO 
OEEP WELLS 
> 350 FT 

QUALITY PRO~l~" -------------------­
WELLS WIT~ SU~M.lkY 

DEPTH UNII'/>OI)W': ALL .. FLLS 

TASTE o o o 1 

OOOR 
COLOill: 
I)T ..£R 

fl 
o 
o 

o 
1 
1 

o 
•o o 

1 

2

1 


NONE 20 1 o 9 30 

l.lST£. ODOR OR COLOK 
1ASIE. COOR. (OLOR OR 01~ER 
NUMBER OF WELLS IN SURVEY 
t WEllS WITH T.ri.( QUALITY PPO 
t WEllS WITH T.O.C.X QUALITY P 

lEI'! 
O~LEM 

o 
o 

20 

.0' ." 

1 
2 
3 

33.3¥ 
6b.12. 

o 
o 
o 

N" N" 

2 
2 

11 

18.it: 
1 8.l~ 

3 


• 

"
8.i:!~ 

11.81; 

.ISSES~ORS PAR(EL BOC.~ NO. ,9 ----------------
DUALITY PROBLEM SHALLOW WELLS 

0-150 FT 

---- NU,,",BER O~ RESPONSES 
I"ITfRI1€D}AIE WELLS 

151-350 fT 

WITH INOIC.lTEO 
C>EEP WELLS 

) 3'>:) FT 

QUALITY PRD~lFM -------------------­
WELLS ~tTH SU~HARY 

I)EPTH UNI<NOW't ALL "'ELLS 

"TASTE ,
OCI)R , 
COLO~ 

OTHEQ " , 
"'ONE 3b 
TASTE. ODOR OR COLOR 17 
TASTE. GOOR. COLOR OR OTHER 21 

o 
o 
o 
1 

11 
o 
1 

o 
o 
o 
o 
•• o 

1 b 


1 • 
II 
, 11 

11


3 "20 
, '0 

~U"b~~ OF WEllS IN SURVEV 
\ WEllS WITH T.O.C QUALITY PRuBtEM 29.8~ " 
, WEll~ WITH T.O.C._ wUAllTY PROglE~ 36 .. 8:t: 

12 

.0' 
o 

N/o 

N" 
19 


15.8' "
?2.1't 
"2.1\ 3'.. 11' 

.ISSeSSORS PARCEL 
DUALITY PROBLEM 

BOOK Ne. 90 ----------------
S.... AlLDW WELLS 

---- NuMBEK OF 
INTfOtI'!EDlAT£ 

RESPON~ES WJTH INDICATED QUAL lTV 
WELLS DEEP WEllS 

PPDPLFM -------------------­
w!'LLS WITH SU"!MARV 

0-1">0 FT 151-30;0 FT ) 350 FT DEPTH UNI(NO"~ All WELLS 

TASTE 
OOO~ 

•, 1 
o 

o 
o 

o
o 

, 
3 

(uLOIt 9 1 o 1 11 
OIH~R 

NONE 
1 

31 
o 
1 

o 
1 

o , 39 
TASTE. onOR OM entOR 11 2 o 1 14 
TASTE. COOII. (OLOII. Cit "'"t'THER"­
~U~9EII. Of wELLS IN SURV~Y 
t WELLS WITH T.O.C QUALITY PR 
~ WEllS WITH T.O.C.X ijUALITY 

II 

•• 
~LEM ('S.Ot 
ROBLE~ 21.3" 

2 
3 

6b.1~ 

66.1¥ 

o 

.0' .0' 

1 

• 
lb.n: 
16.1\ 

",­
<'5.Q' 
<'7.8"( 

.ISSESSORS PARCEL 
OUAlITY PROBLEM 

BOOK NO. 110 ------------------- N"U,,",EiER (J~ 
'SHALLOW WEllS INIERI'IEOJATE 

II.€SPCNSES WITH I~OlC'T!'D QUALITY PROBLEM -------
WELLS DEEP WELLS WELLS wlT~ 

-------------
SU"MARY 

a-Iso FT 1'501-350 F"f > 350 FT OEPT~ UN"-'C''''-''l ALL ,"ELLS 

TA STE 
OOOol 

,, 1 
o •o 

3 
3 

12 
11 

(OLOR 
GTHEIt 
~ONE 

11 ,.. 1 
o 
1 

o 
o 

"

1 
1 

14 
7

"TASTE. ODOR Oil. (OlOR. l' 1 o 19 
TASTE. ODOR. (OlOR Olt ~THE~ " 1 o 13 
NlI"!8~R OF WEllS IN SURVEY 
~ WELLS _ITH T.G.t ~U.llITY PR 
~ WELLS WITH T.O.C.X QUALITY 

6lEM " 22.61; 
ROBlEM 2Q.01; 

2 
50.0'l: 
50.0,\ 

o 
"0 
"I' 

" 2'50.3\ 
30.1"( 

ASSESSORS PARCEL BOOK 
QUALITY PROBLEM 

~O. 118 -----------------
'SHAllOW WEllS 

--- NU,,",~ER OF 
JNTERI'IEDIATE 

RESPONSE'S WITH l"lOnAnO QUALITY PROPlEM -------------------­
WEllS DEEP WELLS ... HlS Ion.. SU"I'IARY 

0-1">0 FT 151-350 FT > 350 f T ~EPTY UNKNO~"l .Ill .EllS 

"TASTE 2 o o 3 
(lOOK 
(OLOR 

2 , o o 
o o , 

OT"'ER 
NOo"E 
T.lSTf. ODOR OR COLOR 
TASTE. ODOR. (OlDK DR OT"ER 
~U"RER OF WELL'S IN SURV~Y 
~ WELL'S WITh T.O.C DUALITY PR 
t WELL'S WITH I.D.C.X QUAL lTV 

1 

•• • 
~LE" b6.U 
!tOBlEM b!'>.11; 

o n o 
o , 
c 1 o
u 1 o 
o 1 1

100.')t N" .0\ 

r>:/A 100.01; .0' 




Table 7 (Continued) 
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• 

• 

•• 

• 

• • 

•• 

• 

• 

aSSESSORS PA"CEl BOOK '10. lZO -------------------- "U~5~R OF RESP~~SES WITH INCICATED QUALITy PIIO~LEM -------------------­
QUAL lTV PROBlf~ SH.ll~W WELLS INTERMEDIATE WELLS ryE"P ~FLlS ~ELLS .tT~ SU~~ARY 

')-IS0 FT 1'51-3">0 FT > 3')0 FT t>E"TH 'INI(NO"I'{ ALL ..ELLS 

TASTE 12 1 2 
r.OCR 11 1 , ,." • 
COLOR .. 10 • ,5 Z9 
')lYEII o• • .. 
rJO~E 11 n , 5 J1 
'ASTE, ODOR OR COLOR IS II 2 5 J8 
'ASTE. ODOR, enteR eM aT"'ER 20 11 2 1 
~U"'Sl:R OF WELLS p~ SURVEY 31 ]' • 12 '] 
~ WEllS wITH 1.0.( QUALITy PQO~l~" -.8.6' 43.3~ 50.04 41.11: "''5.81: 
, WELLS WITH T.O.C.X ~U"'lITY PIICBLE" H.n Sb. Tk 50.0, 56 .. 3~ 55 .... 't 

WITH I~D'CATfD QUALITY ------______________pqO~LE"ASSESSOAS PARCEL BOOI( !qQ. 131 -------------------- NUM8~A OF RESP~NSES 
QUAtITY P"03lE~ SHALLOW WELLS INTER~EOI.TE WELLS aEEP .FlLS WELLS WITH ~U"''''ART 

O-l~O FT 151-3SQ FT > 350 FT OEPT'" 'INIWO .. Ii All w!OLLS 

lASH 3 2 I a •
OOf"JA 2 2 o 
(OLCR 3 I o 5 
QTHEII 1 o ] 10• ,"fO'll£ ]. 8 II '0 
TASTE. OryC~ 0R C~LOR • , 

] 
I I 10 

T"'ST~, ODOA. (~L~R OR OT"'ER 12 I 20 
NU~BER ;]F wEltS It; SURVEY II 15 

~ WELLS WITH T.O.( O~AlITY f~01ll:~ 1l.S\ 18.2\ 16.71; .... 1'!: Il.S'" 

'to WEllS WITH T.a.c, ...IJAtITY P!l:OElEI'I 25.0," 21.H; 16. T' 16.71: 25.01: 


.. • 

QUALITY ProOALEI'! -----_______________liSSESSQRS PAII(El 6001( olD. 132 WITH IIIIOI(UEO-------------------- ~U~Bf~ OF ~ESP~~SES 
')UAt ITY PII:O!ll EM SHALLOW WEll~ INTER~EDIATE WEltS 'lEEP "ElLS ~FLlS ~'TH SU~MARy 

~-15~ FT 151-3'50 FT > 350 FT ~EPT'" UN~NOW~ ALL ~fLLS 

T..tSH lZ 7 o 5 
nOOR o 5 I." q 

COL')!! 15 I 21 
OTH~II I ISq •
tilJNE 11 2 5 20 
'ASTE. OOOP: OR (:::JLOR t1 II I 5 H 
TAST~. O~OIl. COL'lR O. 'JTHEII '0 II , , J8 
"lU~BER 0' WE LL S " SURVE Y Jl lJ 4 10 
> WelLS )lnH T.,j.( .. UALITY P"U~LEM 5 .... 8.1 8 .... 6\ 25.0t. 50.0\ '58.61:" 
> WELLS IoIITH T.O.(.X OU"L ITY PIIG8LEI'! 64.'5'.1 84.6'% '50 .. 0t. 50.0"l 65. '51: 

ASSESSQRS PAitl..El E'::JQK "10. 139 -------------------- N~oER OF 0ESPONSES WITH t~Or(ATEO QUALITy P~O~LE~ -------------------­
QUALITY PIiOalEI'! SHALLOW WELLS INTER~EOIATE WELLS DEEP WEllS W~LlS ~IT~ SU~MARY 

0-\50 FT 151-3~D FT > 350 FT 'lEPT'" UN,(NO .. ~ ALL WELLS 

TASTE , o 5•
DOUR 0 o o 
(ClaR 3 a o 3 
Cln..",,!! il ,• a I 
NCNE T a 5 lZ•TASTE. O~OR OR ('1LOR I a o 5•TASTE. ODOR. (OL')R OP. OTHER I , a 5• 
~U~~ER OF WEllS IN SURVEY II I o 5 11 
~ WElls WITn T.lJ.( ~UALITY PR08LEM 36.4t. 100.0t. ~/A • a> 19.41: 
\ WELLS WITH T.O.(.X ~UALITY PROBLEM 36.4t. 100.0t. NfA .0' 2~."'\ 

ASSESSORS PA~CEL aOOK NO. 140 -------------------- ~U~6ER o~ RESPONSES WITH I'iOlCATfD QUALITy P~O~Lf~ --------------------
QUALITy PROaL~M SHALLOW WEllS INTERNEDIATE WELLS DEEP ~HlS wrlLS wrT~ SU~"A~Y 

0-150 FT lSI-3~0 FT > 3">0 FT DEPI"" UI'II<I'IO,," ,tlL ;.;fLLS 

T.-STf , o a •ODOR o o 1 
(OLOR • , 
[,THER I o o 1 
NONE ,. "0 o 9 3J 
T.-STE. ODOR OR (OLOR o I 10•TASTE. ODOII, (OLOR OR OTHER q II•NUMBER OF WELLS IN SUKYEY H I o 10 .. 
~ WELLS WITH T.0.( QUALITY PROeLE~ Z4.1t. 100.O~ 10.02. ?1.1'!:N"
\ WELLS WITH T,O,C.x QUALITY PR08LEM 27. "11: 100.01: NfA 10.0-" 15.0't 

ASSESSORS P.II(FL aOOK NO. 14\ WITH I~DICAT"'O-------------------- ~U~bER OF ~ESPONSES QUALITy pporLfM -------------------­
~UALtTY PRO~L~" SHALLOW WELLS INTERMEDIATE WEllS DEEP ~EllS wELLS WITH SU~MARY 

0-\50 FT 151-350 FT > 3">0 FT nE"T"" IJNI'":~Oiol~ ,tLL wELLS 

TASTE I 0 I 2 
ODOR I a •o I 2 
(OLOR 2 0 I o ] 

0THER I 0 o I 
"lONE ] a ] 10••T", ST!:. ODOR OR COLOR 2 0 I I •TASTE. ODOR. (OLOR O. OTHER ] a I 5 
"lU"'IafR 0' WEL L S IN SURVEY 1 ] I 15• , , I;HLS WITH T ••. h( QUALIfy PRu!llEM lS.6.t .0> 100.0t. 15.0~ U •• 1t. 

WEllS WITH T.0.( ,x QUALITY PRoau:"" 42'.9t. .0> 100 .. 0t. 15.01: 3h3\ 
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Chapter 6. GROUND WATER DATA 

Ground water level me surements from 
more wells in the are would undoubtedly 
allow better estimate of the total 
water in storage and re precise 
definition of the hyd ology and 
chemistry of the sub­ asins, but the 
pre~ent ground water onitoring network 
is probably adequate s long as present 
water management prac ices continue. 

Ground Water M asurements 

To accurately evaluat the ground water 
potential of an area, a wide areal 
distribution of groun water level data, 
gathered over a long riod, is 
necessary. This info ation can be used 
to determine the over 11 condition of 
the sub-basin or basi and to define 
areas of stable, iner asing, or 
decreasing ground wat r levels. The 
information can also e used to evaluate 
the effects of geolog c structures, such 
as faults and geologi formations. 
Ground water level ma s constructed from 
these data permit a re accurate 
estimate of the total ground water in 
storage. 

At present, 22 wells re being monitored 
for water level or wa er quality by the 
Department of Water'R sources and the 
U. S. Geological Surv y. The Department 
measures water levels in 13 wells in 
Alexander Valley. Of these wells, 8 are 
also monitored for wa er quality. The 
Geological Survey mea ures water levels 
in 9 wells in the Hea dsburg area but 
does not take samples for water quality 
analysis. 

If a monitored well i destroyed, or for 
some other reason bee mes unmeasurable, 
it should be replaced with a nearby well 
that measures the wat r level in the 
same aquifer zone. 

Before a well is adde to the monitoring 
network, construction details of that 

well must be evaluated to ensure the new 
well is measuring the same aquifer. 
Construction data necessary are total 
depth of the well, length of casing, 
perforated interval, and length of 
gravel pack, if any. 

The existing monitoring network appears 
to be adequate for the present pumping 
patterns, pumping rates, and recharge 
rates. The well hydrographs in 
Figure 8 show only a 3-metre lO-foot 
fluctuation in ground water levels, 
which recover each year to about the 
same level. No long term decline is 
apparent. 

After several years of measurement, data 
from the network can be analyzed to 
better define basin hydrology, including 
the role of faults in ground water 
movement and the extent of aquifer 
connection. After such analysis, the 
monitoring network can be reevaluated. 
Those wells no longer necessary can be 
dropped, and the remaining wells can be 
monitored on a permanent basis. 

However, if the fluctuation of ground 
water levels increases significantly, or 
if water levels begin to decline and do 
not recover over the long term, addi­
tional monitoring wells might be needed 
in the network. 

Similarly, ground water levels and water 
chemistry should be reevaluated sometime 
after Warm Springs Dam becomes opera­
tional so that any possible effects of 
the dam on ground water quantity or 
quality can be ascertained. 

Natural Recharge 

Recharge is the movement of water from 
land surfaces and streambeds into under­
lying aquifers. It occurs in response 
to withdrawal of ground water from those 
aquifers, availability of surface water, 



and precipitation. Several physical 
factors control the potential for 
recharge in an area: the slope of the 
land surface, the permeability of the 
soils, the subsurface geology, and the 
amount of storage space available in the 
aquifer. 

According to Muir and Johnson (1979), 
the slope of the land surface should be 
less than 15 percent and the percolating 
rabe of the soil profile should exceed 
1.5 centimetre (0.6 inch) per hour for 
recharge to take place. If the slope is 
greater than 15 percent, rapid runoff 
greatly reduces the recharge potential. 
For an appreciable amount of water to 
penetrate the soil, the infiltration 
rate must be relatively rapid. 

The soils in most of Alexander Valley 
and the Healdsburg area have a permea­
bility greater than 1.5 centimetre 
(0.6 inch) per hour and the slopes are 
well below 15 percent (Miller 1972). 
Therefore, most of the study area is 
suitable for recharge. 

Subsurface geology is the second import­
ant factor in evaluating a recharge area 
and is the most difficult to determine. 
Good aquifer connection between the area 
of recharge and the area of use is 
necessary so that the ground water can 
travel from the recharge site to the 
area where it is extracted. 

The ground wate~ l~vel measurement 
network now being monitored by the 
Department of Water Resources and U. S. 
Geological Survey may provide informa­
tion on the hydraulic continuity of the 
aquifers. At selected locations in the 
study area, 24-hour, constant-rate pump 
tests are recommended to determine 
hydraulic characteristics of the basin 
sediments, as well as to establish the 
presence of any ground water barriers, 
such as faults. 

The study area appears to accept 
natural recharge up to the limit of 
usable storage capacity. Hydrographs 
indicate that current recharge is 

equivalent to the amount of water that 
is discharged each year. 

No need for artificial recharge is 
apparent or foreseeable at this time 
unless the flow of Russian River and its 
tributaries is sharply curtailed or 
diverted for other uses, or if there is 
a significant change in the location and 
amounts of ground water extraction. 

Ground Water Recharge Rate 

Sustained yield is the amount of water 
that can be extracted annually from a 
ground water basin without adverse 
effects. The sustained yield of a basin 
is generally equal to the long term 
annual recharge. Most of the seasonal 
recharge in Alexander Valley is a result 
of rainfall and of recharge from the 
Russian River. For the Healdsburg area, 
recharge is mainly from the Russian 
River, Dry Creek, and precipitation. 
Recharge is greatest on permeable soils 
and river channel deposits, which allow 
faster infiltration. In both Alexander 
Valley and the Healdsburg area, Russian 
River gains water from the surrounding 
sediments for most of the year, or until 
local ground water levels are suffici­
ently drawn down. When ground water 
levels are depressed, usually during 
fall, flow in Russian River recharges 
the ground water reservoir. 

A program to determine the annual re­
charge rate would include measurements 
of rainfall, streamflow and soil permea­
bility, and estimates of evapotranspira­
tion. These figures would also provide 
information on when water percolates 
from the river into the ground water 
aquifer and when the aquifer supplies 
water to the river, as well as the 
amounts of such flow. 

The estimates of soil permeability made 
by the Soil Conservation Service for the 
soil survey of Sonoma County (Miller, 
1972) should be refined by examining wet 
weather percolation tests and conducting 
permeameter tests on each major soil 
type. 
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Water well drillers' eports submitted and lithologic and electric logs from 
for wells built in th area should be these deeper wells should be evaluated 
reviewed annually. eper wells should to increase understanding of the 
be added to the monit ring network. hydraulic characteristics of the ground 
Water yields, pump te t information" water reservoir. 
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CONVERSION FACTORS 


To Convert to Metric 
Mulhply Metric 

To Customary Umt Unit Multiply 

Quanllty To Convert from Metlle Unit Un.tBy Customary Unit By 


inches (jn) 
 003937 25.4 
Length millimetres (mm) 


254 centimetres (em) for snow depth 
 inches (in) 
 0.3937 
3.2808 0.3048 metres (m) 
 feet (It) 

0.62139 1.6093 kilometres (km) 
 miles (mi) 


square inches (in2
) 
 0.00155 645.16 

Area square millimetres Jmm2) 

10764 0092903 squar~ metres (ml) 
 square teet (ftl) 

24710 0.40469 hectares (hal 
 acres (ac) 

0.3861 2.590 square kilometres (teml) 
 square miles ImP) 


gallons (gail 0.26417 3.7854 
Volume Iotres (Ll 


026417 37854 megalitres 
 million gallons (1C1 gal) 

35.315 0.028317 cubic metres (m3
) 
 cubic feet (tel 

1.308 0.76455 cubIC metres (m 3
) 
 cubic yards (ydl 

) 

0.8107 1.2335 cubic dekametres (dam) 
 acre-feet (ac-It) 

cubic feet per second 
 35315 0.028317 
Flow cubic metres per second {ml/s} 

(ft'/s) 

0.26417 37854 titres per minute (Llmin) gallons per minute 


(gal/mm) 
0.26417 3.7854 Iotres per day (L/day) 
 gallons per day (gal/day) 
0.26417 3.7854 megalltres per day (ML/day) 
 million gallons 

per day (mgd) 
12335 cubiC dek;:;metres per day acre-feet per day lac- 0.8107 

(dam'/day) It/day) 

pounds Ob) 
 2.2046 0.45359 Mass kilograms (kg) 
1.1023 0.90718 megagrams (Mg) Ions (short, 2.000 Ib) 


feet per second (ft/s) 3.2808 0.3048 Velocity 
 metres per second (m/s) 


horsepower (hpl 1.3405 0.746 Power 
 kilowatts (kW) 


pounds per square inch 0.14505 6.8948 Pressure 
 kilopascals (kPa) 

(pSI) 

2989 kilopascals (kPa) 
 feet head of water 033456 

gallons per minute per 0.08052 12.419 SpecifIC Capacity htres per minute per metre 


drawdown foot drawdown 

parts per million (ppm) 1 0 10 Concentration milligrams per litre {mg/U 

micromhos per centimetre 1.0 10 Electrical Con­microsiemens per centimetre 
ductivlty (uS/em) 

degrees Fahrenheit (OF) 0.8 X °C)+32 (OF-32)/1.8 
Temperature degrees Celsius (DC) 
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GLOSSARY 


Acre-foot. The q antity of water needed to cover one acre to a depth of one 
foot equals 85 cubic dekametres. 

Agglomerate. A p roclastic volcanic rock containing a predominance of rounded 
to subangular agments greater than 32 mm in diameter. 

Alluvial Fan De osit. A cone-shaped deposit of alluvium made by a stream where 
level plain or meets a slower stream. The fans generally 

form where from mountains upon the lowlands. 

Alluvium. A geol gic term describing unconsolidated beds of sand, silt, and 
clay deposited y flowing water. 

Anion. 	 ly charged ion, e.g., OHi. 

Anticline. , generally convex upward, whose core contains the older 
rocks. 

Aquiclude. A bod of relatively impermeable rock that is capable of absorbing 
water slowly but functions as an upper or lower boundary of an aquifer and 
does not transm t ground water rapidly enough to supply a well or spring. 

Aquifer. A subsu face water-bearing unit that transmits water rapidly enough 
to supply usefu quantities to springs and wells. Sand and gravel aquifers 
are characteriz by innumerable spaces around and among the grains. Water 
is stored in an moves through those spaces. 

A 	uifer Continuit Hydraulic interconnection between and within aquifers so 
that ground wat r stored in one aquifer or portion of an aquifer is able to 
move into anoth r aquifer or into another portion of an aquifer. 

Artesian. Ail" all) ctive referring to ground water confined under hydrostatic 
pressure. 

Baseflow. Low fl w in streams; occurs typically during long periods between 
precipitation w en streamflow is maintained mostly or entirely by ground 
water discharge. 

Brackish. Water is intermediate in salt content between normal fresh 
water and sea water. 

Breccia. A rock up of highly angular, coarse, broken fragments. 

Cation. A positi charged ion, e.g., a+. 

Chert. A compact siliceous rock of sedimentary origin. 
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Clay. A term which denotes either (1) particles regardless of mineral 

composition, with diameters less than 1/256 mm; or (2) a sediment composed 

primarily of these particles. 


Coliform Bacteria. A type of bacteria found in soils and in the intestinal 
tracts of mammals. A hardy organism used as an indicator of contamination. 

Confined. Refers to ground water under sufficient pressure to rise above the 
aquifer containing it when the aquifer is penetrated by a well. The 
difference between the water level in a well and the top of the aquifer is 

,the Hydrostatic Head. Confined ground water is also known as Artesian. 

Conglomerate. A cemented rock containing rounded fragments corresponding in 

size to gravel. 


Conjunctive use. Planned management of surface and ground water resources as a 
single, interlocking system. 

Connate Water. Water entrapped in the openings between particles of a 
sedimentary rock at the time the sediments were deposited. The water may be 
derived from either ocean water or land water. 

Consolidated. Firm and coherent. 

Constant-Rate Pump Test. Test pumping of a water well at a constant rate of 
discharge while the drop in the ground water level (drawdown) is recorded in 
a nearby observation well. The drawdown is plotted versus time since pumping 
began to determine TransmisSivity, the rate at which ground water will flow 
through a unit width of the aquifer. 

Contamination. Contamination means an impairment of the quality of the waters 
of the State by waste to a degree which creates a hazard to the public health 
through poisoning or through the spread of disease. Contamination includes 
any equivalent effect resulting from the disposal of waste, whether or not 
waters of the State are affected. 

Continental Deposits. Sedimentary deposits laid down within a general land 

area and deposit"ed in lakes or streams or by the wind; nonmarine deposits. 


Cubic foot per second (cfs). A flow rate = 28.32 litres per second - 448,831 
gallons per minute. Same as second feet or British cusec. 

Diatomite. An earthy deposit composed of nearly pure silica and consisting of 
the shells of microscopic plants called diatoms. 

Dip. The angle at which a planar feature is inclined from the horizontal. 

Electrical Conductivity. A measure of the ease with which a conduction current 
can be caused to flow through a material under the influence of an applied 
electric field. Reciprocal of resistivity and measured in mhos per meter. 

Evapotranspiration (ET). Loss of water from a land area through transpiration 
of plants and evaporation from plant surfaces and from the soil. 
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Fault. A fracture, or fracture zone, along which there has been displacement 
of the two sides elative to one another parallel to the fracture. This 
displacement may a few inches or many miles. An Active Fault is one which 
has had surface d splacement within Holocene time (about the last 11,000 
years). The inve se of this, that other faults are inactive, is not 
necessarily true. A Potentially Active Fault is one which shows evidence of 
displacement duri Quaternary time (last 2 to 3 million years). 

Fault Plane. re or less planar surface of a fault along which 
displacement has aken place. 

Fault Trace. rface expression of a fault. 

Fault Zone. An are along the trace of a large fault consisting of numerous 
interlacing small faults or a zone of gouge or broken rock. 

Fold. A bend k strata. An Anticline is a convex upward fold; it 
~fluences ground water by inducing flow away from the fold axis. A Syncline 

is a concave upwa d fold; it influences ground water by inducing flow toward 
the fold axis. 

Formation. A geolo ic term that designates a specific group of beds or· strata 
which have been d posited in sequence one above the other and during the same 
period of geologi time. 

Fresh Water. Water that is not so affected by sea water intrusion, nitrate 
pollution, or oth r water quality problem, as to be detrimental for human use 
or consumption. ormal streamflow or ground water. 

Gouge. Finely abra ed material occurring between the walls of some faults, the 
result of grindi movement. 

Gravel. A term whi h denotes either (1) particles regardless of mineral 
composition, with diameters greater than 2 mm; or (2) a sediment composed 
primarily of thes particles. Gravel is frequently found as lens-shaped 
units within sand deposits. 

Greenstone. An.alt red basic igneous rock of greenish color due to the 
presence of such inerals as chlorite, hornblende, and epidote. 

Ground Water Barrie A body of material which is impermeable or slightly 
permeable which 0 curs below the land surface in such a position that it 
impedes the horiz ntal movement of ground water and consequently causes a 
pronounced differ nee in the level of the water table on opposite sides of 
it. 

Ground Water Basin. An area underlain by one or more permeable formations• capable of furnis ing a substantial water supply. Usually, there is little 
movement of groun water from one basin to another. 

H 	draulic Conductiv t. The rate of flow of water in gallons per day through a 
cross section of ne square foot under a unit hydraulic gradient, at the 
prevailing temper ture or adjusted for a temperature of 60°F. 
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Hydraulics. The aspect of engineering that deals with the flow of water or 
other liquids. 

Hydrograph. A graph showing the changes in the water level in a well with 
respect to time. 

Hydrology. The science that relates to the distribution and phenomena of 
naturally occurring water. 

Igneous. Rock formed from the solidification of molten material, either at 
depth or on the ground surface. 

Infiltration. The flow or movement of surface water downward through the soil 
to become ground water. 

Interbedded. Occurring between beds, or lying in a bed parallel to other beds 
of a different material. 

Intrusive. Igneous rock which cools and solidifies below the earth's surface. 

Ion. An electrically charged particle of matter dissolved in water. For 
instance, common table salt has no chemical charge. In water, salt 
"dissociates"; each molecule of salt (NaC!) forms one ion of sodium 

(Na+1) with a positive charge, and one ion of chloride (Cl-l) with a 

negative charge. 


Kilogram (kg). A unit of weight 1,000 grams weight of one litre of pure 
water. 

Limestone. A sedimentary rock consisting chiefly of calcium carbonate. 

Litre (1). Metric measure of volume = 1,000 grams = 1,000 ml (millilitres). 
For pure water, one litre weighs one kilogram = 1,000 grams = 0.26 gal. 

Marine Deposits. Sedimentary deposits laid down on the floor of the ocean. 

Mathematical Model. A computer technique which simulates responses of a ground 
water basi~t~ochanges in recharge and pumping patterns. Used as a tool to 
predict future water levels under a variety of basin management plans. 

Metamorphic. Rock which has been re-formed in the solid state in response to 
pronounced changes of temperature, pressure, and/or chemical environment and 
which takes place below the ground surface. A metamorphic rock originally 
was of a different form; i.e., it originally was igneous, sedimentary, or a 
different type of metamorphic rock. 

Methmoglobinemia. A bluish or purplish discoloration (as of skin) due to 
deficient oxygenation of the blood which can be caused by excessive nitrates 
in drinking water. 

Milliequivalent. A contraction of "milliequivalents per million", which is 
based on molecular weights; the units are "milligram equivalents per 
kilogram" if derived from data expressed in parts-per-million or "milligram 
equivalents per litre" if derived from data expressed in milligrams per 
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litre. In analy es expressed in milliequivalents, unit concentrations of all 
ions are chemica ly equivalent. 

er litr (m /L). One part by weight of dissolved chemical or 
suspended sedime t, in one million parts by volume (= one litre) of water. 
Numerically equi alent to parts per million (ppm) between zero and about 
7,000 mg/L. 

Millilitre (m1). e one-thousandth of a litre = the volume· of one gram of 
pure water. 

Most Probable (MPN). A statistical evaluation of degree of water 
~~p~o~l~l~u~t~i~o~n~b~a~s~ed~~n~p~r~e~s~ence of coliform bacteria. It is not feasible to 

identify the exa concentration of coliform bacteria in a water sample. The 
MPN interprets t st results in terms of results observed. (See Coliform 
bacteria. ) 

Oxidation. The pr cess of combining with oxygen; rust is a product of 
oxidation. 

Parts er million m). One part by weight of dissolved chemical, or 
suspended sedime t, in one million parts by weight of water. Numerically 
equivalent to milligrams per litre (mg/L) between zero and about 7,000 ppm. 

Percolation Rate. rate at which water passes through the fine interstices 
in earth material 

Permeability. The bility of a geologic material to transmit fluids such as 
water. The degre of permeability depends on the size and shape of the pore 
spaces and the ex ent, size, and shape of their interconnections. 

Pollution. means an alteration of the quality of the waters of the 
State by waste to a degree Which unreasonably affects (1) such waters for 
beneficial uses, r (2) facilities which serve such beneficial uses. 
Pollution may inc ude contamination. 

Potable. Drinkable· said of water and beverages. 

Recharge. Replenis ment of ground water by downward infiltration of water from 
rainfall, streams and other sources. Natural Recharge is that recharge 
which occurs with ut assistance or enhancement by man. Artificial Recharge 
is that recharge hich occurs when man deliberately modifies the natural 
recharge pattern o increase recharge. 

Reduction. The pro ess of removing oxygen; the opposite of oxidation. 

Saline. Consisting of or containing salts (minerals), the most common of which 
are potassium, so ium, or magnesium in combination with chloride, nitrate, or 
carbonate. 

Sand. A term which denotes either (1) particles with diameters ranging from 2 
--.:.> 1/16 rom; or (2 a sediment composed primarily of these particles. 
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Scoria. Material ejected from a volcanic vent. Such material is usually 
vesicular, dark. in color, heavy,and has a partly glassy-partly crystalline 
texture. 

Sedimentary. Said of rocks formed from sediments. Includes such rock types as 
sandstone, conglomerate, shale, etc. 

Serpentinite. A rock consisting almost entirely of the mineral serpentine, 
which is the alteration product of several types of ultrabasic rocks. 

Silt. A term which denotes either (1) particles with diameters ranging from 
--rT16 to 1/256 mm; or (2) a sediment composed primarily of these particles. 

Soil. A natural body consisting of layers or horizons of mineral and/or 
--organic constituents of variable thicknesses, which differ from the parent 

material in their morphological, physical, chemical, and mineralogical 
properties and their biological characteristics. 

Sorting. The degree of similarity, in respect to some particular 
characteristic (frequently size), of the component particles in a mass of 
material. 

Specific Yield. The ratio of the volume of water that a given mass of 
saturated rock or soil will yield by gravity to the volume of that mass. This 
ratio is expressed as a percentage. 

Storage Capacity. The volume of space below the land surface that can be used 
to store ground water. Total Storage Capacity is the total volume of space 
that could be used to store ground water. Available Storage Capacity is that 
volume of the total storage capacity that does not presently contain ground 
water and is therefore available to store recharged water. 

Stream Gaging. The process by which the streamflow can be determined by 

measurement of the water level in the stream. 


Sustained Yield. The volume of ground water that can be extracted annually 

from a ground water basin without causing a long-term drawdown in water 

level. 


Syncline. A fold in which the core contains the younger rocks; it is generally 
concave upward. 

Thermal Water. Hot or warm water. 

Total Dissolved Solids (TDS). The quantity of minerals (salts) in solution in 

water, usually expressed in milligrams per litre or parts per million. 


TRANSCAP. A computer program which determines transmissivity and storage 
capacity using specific yield data from individual wells. Averaged specific 
yield data are converted to transmissivities using equations of a curve 
developed by the DWR investigation of the Livermore and Sunol Valleys (Ford 

• 
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and Hills, 1974) For specific yield values from 3 to 9, the curve is 
described by the equation: 

7.16288 	 ]
where x 	= 3.5319 - (SY) _ 0.84 

and for 	specific yield values greater than 9, .by the equation:. 

~T = ~ 	 [100 (Sy) - 500] 

where ~T = 	ncremental transmissivity 

gallons/day/ft); 


~O = ncremental depth (ft); and 

(SY) = 	 ercent value for average 

pecific yield for a given 

nterval. 


Transmissivity. Th rate of flow of water through each vertical strip of 
aquifer of unit dth having a height equal to the saturated thickness of the 
aquifer and under a unit hydraulic gradient. 

Tuff. A rock compo ed of compacted volcanic fragments smaller than 4 mm in 
diameter. 

Unconformity. A su face of erosion that separates younger strata from older 
rocks; represents a substantial break or gap in the geologic record. 

Water Table. (1) T e upper surface of a zone of saturation except where that 
surface is formed by an impermeable body; (2) locus of points in soil water 
at which th~pres ure is equal to atmospheric pressure; (3) the surface where 
ground water is e countered in a well in an unconfined aquifer. 

Well Log. A form f led with DWR by the driller of a water well which lists 
geologic material encountered during drilling of the well, and information 
on the well's con truction. 

Zone of Saturation. A subsurface zone in which all the interstices are filled 
with water under ressure greater than that of the atmosphere. 
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Definitions Modified from the Following Sources 

American Geological Institute, 1976, "Dictionary of Geological Terms", Revised 
Edition. 

California Department of Water Resources, 1975, "California's Ground Water". 
Bulletin 118. 

Ford, R. S., 1975, "Evaluation of Ground Water Resources: Sonoma County", 
, California Department of Water Resources. Bulletin 118-4, Volume 1: 

"Geologic and Hydrologic Data". 

Peters, H. J., 1980, "Ground Water Basins in California". California 
Department of Water Resources. Bulletin 118-80. 
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